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1.0 INTRODUCTION

This report presents results and conclusions of the Basewide Pennsylvanian Bedrock Background
Groundwater Evaluation at Naval Support Activity (NSA) Crane, Crane, Indiana. This report has been
prepared for the U.S. Department of the Navy by Tetra Tech, Inc., for the Naval Facilities Engineering
Command (NAVFAC) Midwest under Contract Task Order (CTO) F279 of the Comprehensive Long-Term
Environmental Action Navy (CLEAN) Contract Number N62470-08-D-1001.

This background groundwater evaluation was conducted to support applicable Resource Conservation
and Recovery Act (RCRA) Corrective Action requirements, including RCRA Facility Investigations (RFIs)
and other related environmental investigations to be conducted at NSA Crane under the Navy's
Installation Restoration Program. The environmental investigations are the basis for determining whether
groundwater conditions at a particular SMWU represent unacceptable risks to human health if exposure
occurs. The background groundwater evaluation provides data on metals concentrations in groundwater
in the Pennsylvanian-age aquifer at NSA Crane not impacted by site operations at Solid Waste
Management Units (SWMUSs) or Areas of Concern (AOCs). The first step when evaluating the risk of
inorganic chemicals is generally a comparison of the chemical concentrations measured in site
groundwater to their background concentrations. Background concentrations are those concentrations
that would be naturally occurring in the absence of impact from site operations. These comparisons are
made because many inorganic chemicals occur naturally in the environment. Concentrations associated
with specific SWMUs may then be compared with background concentrations to determine if a
contaminant release has potentially occurred as a result of the site operations. In accordance with RCRA
(U.S. EPA, 1989a) and risk assessment guidance (U.S. EPA, 1989b), if measured site concentrations are
not significantly greater than background concentrations, it may be inferred that an operationally related
release of those contaminants has not occurred, and the site investigation is often terminated at that point
if inorganics are the only issue. If site concentrations exceed background concentrations, additional

assessment and/or remediation may be warranted.

1.1 PURPOSE AND SCOPE

This evaluation was initiated because metals in groundwater in Pennsylvanian-age bedrock throughout
NSA Crane have consistently been identified as chemicals of concern (COCs), but the concentrations are
generally consistent across NSA Crane. Based on the ubiquity of the specific metals detected and the
similarity of concentrations, a problem statement was developed for this evaluation: Are metals

concentrations detected in groundwater from Pennsylvanian bedrock at various SWMUs and AOCs at

021304/P 1-1 CTO F279
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NSA Crane representative of natural background levels, or are they attributable, either directly or
indirectly, to contaminant releases associated with SWMU or AOC operations or other past uses? |If
chemicals are released to the environment, groundwater metals concentrations can potentially increase
as a result. This could occur as direct contamination if released chemicals migrate directly to
groundwater or indirectly if organic chemicals released to the environment alter the local geochemical
conditions [e.g., pH and oxidation-reduction (redox) potential] to increase the rate of leaching of inorganic
constituents from the geologic matrix of the bedrock. In general, a reduction in pH or redox potential
increases the potential for leaching. Each inorganic constituent in the geologic matrix, usually in the form
of metal salts or chemical complexes, is affected differently by a given change in geochemical conditions.
Another factor for consideration is that Pennsylvanian-age bedrock at NSA Crane is relatively high in
organic carbon and that this naturally occurring carbon could lead to the same geochemical conditions

conducive to metals leaching as a chemical contaminant release.

The primary objective of this evaluation was to establish a statistically based data set of concentrations of
inorganic constituents in groundwater in Pennsylvanian-age bedrock at NSA Crane for comparison with
site data to determine whether detected constituents are site-related or background conditions and to
identify chemicals of potential concern (COPCs) to be further evaluated in a risk assessment. The
secondary objective of this investigation was to compile the background data so that a minimum
detectable concentration difference between contaminated groundwater and background groundwater
data sets could be computed for individual site investigations. The intent was that the background data
set would enable the detection of concentration differences between data sets equal to two standard

deviations of the background metal concentrations.

The background data set presented in this report is intended to be a benchmark to which past, current,
and future NSA Crane SWMU and AOC investigation groundwater data will be compared. The
background data set is to be applied to investigations of groundwater in Pennsylvanian-age bedrock at
NSA Crane. Furthermore, the data set is intended to be representative of and comparable for total
metals concentrations rather than dissolved metals concentrations from filtered samples. Total metals
values represents the sum of metals concentrations in the dissolved and suspended solids phases of a
groundwater sample that are recoverable by standard sample digestion processes for environmental
investigations. This evaluation has been limited to the metals analyzed for [i.e., Target Analyte Metals

(TAL) metals and tin], as these are the metals evaluated in RFls at NSA Crane.

This evaluation was an observational study that used available groundwater data from RFls that have

been conducted throughout NSA Crane to date. Because the data sets from these RFlIs were validated
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and used for decision-making purposes, no data collection was conducted specifically for the purpose of

characterizing basewide groundwater conditions.

1.2 REPORT ORGANIZATION

The remaining sections of this report are organized as follows:

e Section 2.0 provides a description of NSA Crane physical characteristics, brief summaries of the
SWMUs and AOCs at the facility, and the geology and hydrogeology of the Pennsylvanian-age
bedrock at NSA Crane.

e Section 3.0 describes the methodology used in this evaluation. It includes the data set development
methodology, including monitoring well selection and rationale, and the statistical methodology for

evaluation of the data set.

e Section 4.0 provides the results of the evaluation and a methodology for use of the findings of this

report for data comparisons in future site investigations.
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2.0 BACKGROUND INFORMATION

This section provides a discussion of site characteristics at the NSA Crane facility, including site location,
physiography, topography, and land use; site history; and, geology and hydrogeology. It also includes a

discussion of previous background and Pennsylvania bedrock studies.

2.1 FACILITY LOCATION AND DESCRIPTION

NSA Crane is situated in a rural area of south-central Indiana. NSA Crane is located in the southern
portion of Indiana, approximately 75 miles southwest of Indianapolis, 60 miles northwest of Louisville,
Kentucky, and immediately east of Burns City and Crane Village, Indiana. NSA Crane encompasses
approximately 62,463 acres or approximately 98 square miles of the northern portion of Martin County
and smaller portions of Greene, Daviess, and Lawrence Counties. A location map of the NSA Crane

facility is presented as Figure 2-1.

NSA Crane is located in the unglaciated area of the Crawford Upland Physiographic Province of the
Southern Hills and Lowlands Region of Indiana. This province is characterized as a rugged, highly
vegetated, dissected plateau bounded by the Mitchell Plain Physiographic Province to the east and the
Wabash Lowland Physiographic Province to the west (Murphy and Wade, 1998). The terrain of NSA
Crane is predominantly rolling, with moderately incised stream valleys throughout and occasional flat areas
in the central and northern portions of the facility. Ground surface elevations across NSA Crane range from
approximately 500 feet to 850 feet relative to the North American Vertical Datum of 1988 (NAVDS88).

2.2 FACILITY HISTORY

The facility was commissioned in 1941 as the Naval Ammunition Depot (NAD) Burns City to serve as an
inland munitions production and storage center for the Navy. Operations at the facility originally included
production, testing, and storage of ordnance. The facility was constructed on land publicly acquired
under the White River Land Utilization Project (35,000 acres) and land purchased from private ownership
(26,830 acres) beginning in 1934. Prior to its acquisition by the Navy, the land was largely used for
timber and agriculture (Tetra Tech, 2001). The name of the facility was changed in 1943 to NAD Crane,
in 1975 to the Naval Weapons Support Center, and in 1992 to Naval Weapons Support Center (NSWC)
Crane. In 2003, NSWC Crane operations fell under the command structure of NSA Crane during regional
reorganization by the Navy. Department of Defense (DoD) ammunition procurement responsibility was
transferred to the Army in 1977. The Army assumed ordnance production, storage, and related

responsibilities at the facility, which continues to the present.

021304/P 2-1 CTO 0083
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Initial environmental investigations performed at NSA Crane were the Initial Assessment (1A) (U.S. Army,
1978) and Initial Assessment Study (IAS) (NEESA, 1983). The purpose of the IA was to investigate
potential contaminant releases to the environment from past operations and to determine the potential of
these releases to migrate beyond the facility boundaries. It was completed in 1977 and consisted of a
records search and interviews with former and present employees at NSA Crane. The intent of the IAS
was to identify and assess sites posing a potential threat to human health and the environment from past
hazardous materials operations. It began in response to the Navy Assessment and Control of Installation
Pollutants (NACIP) Program and was completed in 1983 by the Naval Energy and Environmental Support
Agency (NEESA) with assistance from the Ordnance Environmental Support Agency and United States
Army Corps of Engineers (USACE) Waterways Experiment Station (WES). Although none of the sites
investigated were determined to represent immediate human health or environmental threats, 14 sites

were recommended for further study to evaluate potential long-term impacts.

Based on these initial assessments and subsequent investigations, 34 SWMUs and a small number of
AOCs requiring environmental investigation have been identified at NSA Crane. Figure 2-2 shows the
locations of the SWMUs with currently active or completed environmental corrective actions. Because
NSA Crane operates under a RCRA Part B permit, investigation and remediation activities at the SWMUs
are conducted under RCRA corrective action, administered by Indiana Department of Environmental
Management (IDEM).

2.3 GEOLOGY

The geology at NSA Crane is generally characterized by thin overburden deposits overlying bedrock.
The overburden deposits at NSA Crane generally consist of two types, Quaternary-age unconsolidated
deposits and unconsolidated residual soil derived from underlying bedrock. With the exception of minor
outwash and lacustrine deposits in the northwestern comer of the facility, NSA Crane was unglaciated
during the Pleistocene epoch. Bedrock underlying NSA Crane consists of sedimentary rocks from the
Lower Pennsylvanian-age Raccoon Creek Group and Upper Mississippian-age Stephensport and West

Baden Groups.

2.3.1 Unconsolidated Deposits

The Quaternary-age deposits consist of alluvial (stream-derived sediments), colluvial (sediments

deposited at the foot of a slope via gravity), and glacial outwash deposits consisting of silt, sand, and
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gravel; lacustrine deposits consisting of clay, silt, and sand; and loess deposits consisting of clay and silt.

Unconsolidated deposits at NSA Crane can be found as deep as 65 feet bgs (Nohrstedt et al., 1998).

Soils at NSA Crane were derived from underlying sedimentary rocks of the Lower Pennsylvanian
Raccoon Creek Group and Upper Mississippian Stephensport and West Baden Groups and consist of

clay, silt, sand, and fragmented and/or weathered bedrock.

2.3.2 Bedrock

NSA Crane is located on the eastern edge of the lllinois Structural Basin. The Pennsylvanian- and
Mississippian-age bedrocks dip to the west-southwest and southwest at approximately 30 to 35 feet per mile
(Kvale, 1992). Bedrock underlying NSA Crane consists of sedimentary rocks from the Lower
Pennsylvanian-age Raccoon Creek Group and Upper Mississippian-age Stephensport and West Baden
Groups. Figure 2-1 shows the geology of Indiana, and Figure 2-3 shows the surficial geology of NSA
Crane. A generalized stratigraphic column of bedrock in the NSA Crane area is shown on Figure 2-4.
The Lower Pennsylvanian-age bedrock (Raccoon Creek Group) at the facility primarily consists of
interbedded sandstone, siltstone, shale, and coal with total thicknesses varying from 0 to more than
300 feet (Fisher, 1996). The underlying Missisippian-age bedrock consists of limestone, shale, and
sandstone (Murphy and Wade, 1995 and Palmer, 1969). The Raccoon Group lies unconformably on the
Mississippian-age bedrock units; the relief of the unconformity has been measured to be as much as
100 feet (Kvale, 1992).

Pennsylvanian-age bedrock is the uppermost bedrock unit across most of NSA Crane, with approximately
74 percent (46,280 acres or 72 square miles) of NSA Crane covered by the Raccoon Creek Group.
Mississippian-age bedrock is principally exposed in the major drainages in the eastern half of NSA Crane,
where streams have eroded the Pennsylvanian-age bedrock caprock. A large number of SWMUs are
located on ridges or other topographically high areas, primarily on Pennsylvanian-age bedrock. One
exception to this generalization is the Ammunition Burning Ground (ABG), which is located over

Mississippian bedrock (Fisher, 1996).

The Raccoon Creek Group at NSA Crane is interpreted to be interbedded clastic sediments of the
Mansfield Formation (Kvale, 1994). The sedimentary facies of the Mansfield Formation at NSA Crane
have been interpreted to be of tide-dominated estuarine depositional environments (Kvale, 1992). The
Mansfield Formation at NSA Crane is characterized by abundant shale and siltstone with thinly
interbedded sandstone and mudstone and thin discontinuous coal units (Kvale, 1994; Shaver et al.,

1986). The lower section of the Mansfield Formation is dominated by sandstone (Shaver et al., 1986).
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2.4 HYDROGEOLOGY

At NSA Crane, groundwater is encountered in surficial unconsolidated units and the underlying bedrock;
however, the occurrence of groundwater in the overburden is limited to Quaternary-age units in the
northwestern corner of NSA Crane and in alluvial deposits along the major drainages or water bodies.
Commonly, groundwater is not encountered in the overburden along ridges or hillslopes, where only a
thin residuum of soil is present. If present, groundwater in the overburden in these areas occurs as

isolated perched zones.

Groundwater in bedrock at NSA Crane occurs in the Pennsylvanian and Mississippian units. Because
shallow bedrock at NSA Crane is primarily Pennsylvanian-age units and the majority of investigations are
within these units, this evaluation is limited to Pennsylvanian-age bedrock units. Groundwater in the
Pennsylvanian-age bedrock is present in the secondary porosity of the rock units (i.e., jointing, fractures,
or bedding contacts), with groundwater entering the bedrock through infiltration. Groundwater flow in the
shallow bedrock generally mimics topography, with flow toward the crop line, and groundwater
discharging to gullies or hillslopes on the sides of ridges or to surface soils and gradually evaporates.
Groundwater in deeper zones flows to regional groundwater discharge areas or base levels; the direction

of flow in the deeper zones may be different than in shallow zones.

Groundwater in Pennsylvanian-age bedrock occurs in several individual zones at different depths in the
formation sequence. The zones are generally distinguished by marked head elevation differences and
are generally isolated from one another vertically by less permeable shale or siltstone units. The zones
are typically grouped into three water-bearing zones in the Pennsylvanian-age rock units: upper (Puz),
middle (Pmz), and lower zones (Plz). At individual sites, the first encountered water-bearing zone is
identified as the Puz; subsequent zones encountered with depth are identified as the Pmz and Plz,
accordingly. These zones have not been correlated across NSA Crane, except for cases where sites are
in close proximity. For example, a water-bearing zone identified as Puz at one site may correlate
stratigraphically with a zone identified as Pmz at an adjacent site. For the purposes of this evaluation, the
statistical analyses were performed for the entire data set for wells screened in the Pennsylvanian-age,
regardless of zone identification (i.e., Puz, Pmz, or Plz). The rationale for this was primarily that the
groundwater geochemistry of the Pennsylvanian-age water-bearing zones was considered to be similar
between zones, given the similar lithologies. This also allows for a larger data set and as a result less

uncertainty in the statistical evaluation.
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2.5 PREVIOUS BACKGROUND AND PENNSYLVANIAN BEDROCK STUDIES

Background concentrations of select inorganics in soils at NSA Crane were evaluated during a base-wide
background soils investigation in 2001 (Tetra Tech, 2001). The objective of the investigation was to
identify and chemically characterize native soils based on three factors: depositional environment, grain
size, and depth. A total of 16 soil types were identified and evaluated in the report, based on
combinations of these three factors. Four depositional environments were identified at NSA Crane,
based on the mapped geologic parent material: Pennsylvanian bedrock, Mississippian bedrock, alluvium,
and loess. Three predominant grain sizes (clay, silt, and sand) and two depths (surface and subsurface)
were also identified as factors possibly contributing to soil chemical characteristics. Soil samples were
collected to establish representative background metals concentrations for each of the 16 soil types. The
background soil data sets can be used for direct comparison of site data to background data descriptive
statistics [minimum, maximum, and average values in a data set as well as upper tolerance limit (UTL)
values] or through direct comparison of background and site data distributions using a statistical

comparison.

Multiple studies have been conducted at NSA Crane related to characterization of Pennsylvanian-age
bedrock and groundwater. These studies, however, have focused principally on the hydrogeological
properties and sedimentology of the Pennsylvanian-age aquifers. These studies were completed by the
Indiana Geological Survey (with cooperation from USACE WES) and include those by Barnhill (1992);
Barnhill and Hansley (1993); Fisher (1996); Fisher, Barnhill, and Revenaugh (1998); and, Kvale (1994).

An assessment of metals in bedrock groundwater in southern Indiana was conducted by the Indiana
Geological Survey (IGS) in 1989 to evaluate concentrations of lead exceeding U.S. EPA guidelines in a
number of domestic wells in southern Indiana. The study attempted to relate water chemistry to aquifer
mineralogy and chemistry through association of analytical results with lithology. The study covered three
bedrock regions in southern Indiana. Region 1 included an area where wells were completed in the
Devonian-Mississippian-age New Albany Shale, Region 2 covered an area with wells completed in
Mississippian-age Salem and/or St. Louis Limestones, and Region 3 covered an area with wells
completed in Mississippian and/or Pennsylvanian-age rock in the Wabash Lowland Physiographic
Province. Three areas in Region 3 were tested. These areas (Epsom, Odon-Elnora, and Linton) are
located in Daviess and Greene Counties. These areas in Region 3 were selected based on mining
activities, both surface and subsurface and historical and current (as of 1988). Twenty-eight wells were

identified in the study as being screened solely in Pennsylvanian-age bedrock.
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Analyses in the 1989 IGS study included metals (arsenic, barium, cadmium, calcium, chromium, iron,
lead, magnesium, manganese, mercury, potassium, selenium, silver, sodium, strontium, and zinc),
chloride, fluoride, nitrate, sulfate, total dissolved solids, hardness, alkalinity, bicarbonate and carbonate,
as well as water quality parameters of pH, temperature, specific conductance, dissolved oxygen, and Eh.
Appendix A includes the 1989 IGS study results for Region 3, which includes the wells in Pennsylvanian-

age bedrock (shown as highlighted).

The results of the IGS study were not included in the data set for this evaluation. The samples collected
for the 1989 IGS study were field-filtered prior to sample preservation; therefore, the study results
represent dissolved metals. As environmental investigations and risk assessments at NSA Crane are
based on unfiltered samples results (i.e., total metals), the results of the IGS study were not considered

comparable and could not be included in the data set for this evaluation.

In addition, several chemical (arsenic, iron, and manganese) and geochemical [pH and oxidation-
reduction potential (ORP)] parameters were plotted for the 1989 IGS study data against the NSA Crane
background data set (discussed in detail in Sections 3 and 4 of this report). The plots are provided in
Appendix A. The plots indicate that the two data sets represent two separate populations, based on the
clustering of the data. The pH values of the NSA Crane are also lower than those from the 1989 IGS
study. The pH can directly influence potential solubility of metals, with lower pH generally promoting
leaching of metals (discussed in Section 3.1). These differences in the data sets further support

exclusion of the 1989 IGS study data from the current evaluation.
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3.0 METHODOLOGY

This section presents a discussion of the selection and rationale of the groundwater data set and

methods used in the statistical evaluation of the background data.

3.1 DATA SET SELECTION AND RATIONALE

The data set for the background evaluation included data from existing monitoring wells installed in
Pennsylvanian-age bedrock at NSA Crane. No new wells were installed and no samples were collected
for this evaluation.

The background areas and locations for inclusion in the data set were selected to ensure that the data
used represented natural conditions that are unaffected by site-specific operations. The criteria used to

ensure representativeness, followed by a brief description, were as follows:

e Groundwater monitoring wells screened within Pennsylvanian-age bedrock. The wells may be
screened in any of the three water-bearing zones (upper, middle, or lower), but the entire screened

interval must be within the Pennsylvanian bedrock.

e Located hydraulically upgradient of or vertically separated from potential site contaminant releases
from a site that has been identified as a potential source of either inorganic or organic contaminants.
Although organic contaminants are not the subject of this evaluation, the presence of organic
contaminants in groundwater could potentially alter chemical oxidation-reduction conditions and
cause metals to leach from the geologic matrix that would otherwise not leach or would not leach as
rapidly. Background well locations were identified by reviewing existing RFI reports and related

information, specifically groundwater elevation contour and flow depictions.

e Metals concentration data spanning several years of sampling to ensure that a thoroughly

representative cross-section of groundwater chemistry is included in the statistical analysis.

e Metals concentration data representing as much area of NSA Crane as possible to ensure that spatial

variations in the Pennsylvanian aquifer are represented and minimize potential no spatial correlation.

Information regarding monitoring wells at NSA Crane was reviewed to: (1) identify wells screened in the

Pennsylvanian bedrock and (2) determine the wells located in hydraulically upgradient locations and not
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affected by site-specific operations or contamination. The principal sources of information were RFI
reports for individual SWMUs. Twenty-one wells in nine SWMUs were identified that met the criteria
discussed above. Well construction information for these wells is provided in Table 3-1, and the locations
of these wells are shown on Figure 3-1. Boring logs and well construction diagrams for the wells are
provided in Appendix B. Seventeen of the wells selected are screened in the Puz. One well (12MWT33)
is screened in the Pmz, and three wells (01-06, 10C52, and 13MWT28) are screened in the Plz. The four
wells from SWMU 09 did not have a zone identified in the investigation reports; however, based on the
shallow depths of the screened intervals (less than 25 feet bgs), it is assumed that these wells are

screened in the Puz.

Background groundwater data are available for NSA Crane from 1981 to 2012. The quality of the metals
data collected by the U.S. Army Corps of Engineers prior to 2000, however, has been questioned by U.S.
EPA Region 5. Therefore, this data was eliminated from consideration for this evaluation. Data from
filtered samples (i.e., dissolved results) and data for field duplicates, which are only used for quality
control purposes, were also eliminated from consideration. Table 3-2 presents the data set used for this
evaluation. Results from 29 groundwater samples were included in this evaluation. The numbers of
metals per sample varied depending on the SWMU-specific requirements for data quality objectives and
intended use of the data; therefore, the number of total metals results varies by metal. Because the data
were collected over approximately 12 years, the data are considered to encompass natural variations in

groundwater chemistry.

In addition, metals may be susceptible to leaching depending on geochemical conditions, particularly pH.
Therefore, to evaluate whether a correlation exists between concentrations and pH, the concentrations of
individual metals for the background groundwater data were plotted against the measured pH values for
the samples. The plots are provided in Appendix C. No correlations with pH were observed in the data.

Therefore, no further consideration was given to pH in this evaluation.

The following subsections discuss the SWMUs with wells included in the data set. Potentiometric surface

maps for individual SWMUSs are provided in Appendix D.

3.1.1 SWMU 01, Mustard Gas Burial Ground

One well from SWMU 01 was selected for inclusion in the background data set, 01-06. SWMU 01 is
located in the southeastern portion of NSA Crane (Figure 2-2). SWMU 01 was originally a 2-acre area
surrounded by a fence. This area was used between the end of World War 1l and 1956 for disposal of

hazardous materials. Disposal was in the form of shallow burials (pits), typically within 6 feet of the
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ground surface. These burials occurred in a small area within the 2-acre site. The smaller area is
approximately 0.2 acres in size and is called the Primary Burial Area. Additional information related to
past operations, environmental investigation history, and COCs is available in the RFI documents for
SWMU 01 (Tetra Tech NUS, 2004).

The location of well 01-06 is shown on Figure 3-1. The potentiometric surface map from the RFI is
provided in Appendix D. Well 01-06 is situated northeast of SWMU 01. Groundwater flow in the Plz at
SWMU 01 is to the southwest. The screened interval of well 01-06 is separated vertically from the Puz at

SWMU 01. No other potential sites have been identified in the Plz upgradient of this well.

3.1.2 SWMU 08, Building 106 Pond

One well from SWMU 08 was selected for inclusion in the background data set, 08MWTO07. SWMU 08 is
located in the west-central portion of NSA Crane (Figure 2-2). SWMU 08 includes Building 106, which
was used for the phosphatizing of steel and a cleaning process that consisted of a caustic wash, a
degreaser, and an acid wash. SWMU 08 also includes Building 107, which was originally used to refinish
wooden and metal boxes. Overflow and floor drainage from Buildings 106 and 107 flowed into the
Building 106 Pond. Additional information related to past operations, environmental investigation history,
and COCs is available in the RFI documents for SWMU 08 (Tetra Tech NUS, 2008).

The location of well 08MWTOQ7 is shown on Figure 3-1. The potentiometric surface map from the RFI is
provided in Appendix D. Well 08MWTO07 is situated in the north-central portion of SWMU 08.
Groundwater flow is to the southeast. Well 08MWTQ7 is cross gradient to upgradient of potential site-
related contamination at SWMU 08, and no other potential sites have been identified in the vicinity of this

well.

3.1.3 SWMU 09, Pesticide Control Area/R-150 Tank

Four wells from SWMU 09 were selected for inclusion in the background data set, 09-10, 09-WTP6,
09701, and 09T05. SWMU 09 is located in the central portion of NSA Crane, on the western side of
Highway 45 (Figure 2-2). Former Building 55, Building 2189, and the R-150 Tank Area, were originally
defined as SWMU 09. Following initial RFI activities, the actual location of Former Building 55 (the
pesticide control building) was discovered to be further south than thought, and three other potential
source areas of contamination were also identified in the southern section of SWMU 9. Subsequently,
the area was subdivided into three areas for the purposes of investigation. SWMU 09 Pesticide
Control/R-150 Tank Area, SWMU 09 North, and SWMU 09 South. Additional information related to past

021304/P 3-3 CTO F279



NSA Crane

Basewide Pennsylvanian Bedrock Background Groundwater Evaluation Report
Revision: 0

Date: September 2013

Section: 3

Page 4 of 10

operations, environmental investigation history, and COCs is available in the RFI documents for
SWMU 09 (Tetra Tech NUS, 2005a, and Tetra Tech, 2013).

The locations of these wells are shown on Figure 3-1. In Table 3-1, the screened interval is identified as
“Pennsylvanian” only. The water-bearing zones of these wells were not identified in the RFI; however,
based on the relatively shallow well depths (i.e., less than 25 feet bgs), these wells are interpreted to be
screened in the Puz. The potentiometric surface map from the RFI (Tetra Tech NUS, 2005a) is provided

in Appendix D.

The four wells are situated along a ridgeline that trends north-south, with groundwater flow to the west
and southwest across SWMU 09, away from the ridgeline. The wells are upgradient of potential site-
related contamination at SWMU 09, and no other potential sites have been identified in the vicinity of

these wells.

3.1.4 SWMU 10, Rockeye

One well from SWMU 10, 10C52, was selected for inclusion in the background data set. SWMU 10 is
located in the northeastern portion of NSA Crane, on the eastern side of Highway 45 (Figure 2-2).
Rockeye, an operational ammunition facility, is a 10-acre site located on a flattened ridge crest that
separates the Sulphur Creek and Turkey Creek drainage basins. Additional information related to
operations, environmental investigation history, and COCs is available in the RFI for SWMU 10 (Tetra
Tech NUS, 2005a).

The location of well 10C52 is shown on Figure 3-1. The potentiometric surface map from the RFI is
provided in Appendix D. Well 10C52 is situated at the southeastern corner of SWMU 10. Groundwater
flow is to the north and west across SWMU 10, and there is a northeastern component of flow in the area
of 10C52, toward a tributary to Sulphur Creek. Well 10C52 is upgradient of potential site-related

contamination at SWMU 10, and no other potential sites have been identified upgradient of this well.

3.15 SWMU 12, Mine Fill A

Four wells from SWMU 12 were selected for inclusion in the background data set, 12MWT25, 12MWT26,
12MWT27, and 12MWT33. SWMU 12 is located in the central portion of NSA Crane, on the eastern side
of Highway 45 (Figure 2-2). Mine Fill A was used for the production of large mines, depth charges, rocket
heads, aerial bombs, and projectiles. Mine Fill A also includes a battery and soil disposal area that is

located at the extreme southern end of the SWMU. Additional information related to past operations,
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environmental investigation history, and COCs is available in the RFI and other corrective action
documents for SWMU 12 (Tetra Tech NUS, 2010a, 2011a, and 2011b).

The locations of the SWMU 12 wells are shown on Figure 3-1. The potentiometric surface maps for the
Puz and Pmz at SWMU 12 from the RFI (Tetra Tech NUS, 2011a) are provided in Appendix D.

Mine Fill A is located on top of a ridge that was flattened to some extent in the 1940s in preparation for
site development (roads, rail lines, buildings, parking lots). The four wells are situated in the
northernmost area of the north-south trending ridge. Groundwater flow in the Puz and Pmz at SWMU 12
is to the southeast, with components to the east and southwest, away from the ridgeline. The wells are
upgradient of potential site-related contamination at SWMU 12, and no other potential sites have been

identified in the vicinity of these wells.

3.1.6 SWMU 13, Mine Fill B

Three wells from SWMU 13 were selected for inclusion in the background data set, 13MWTO1,
13MWTO03, and 13MWT28. Mine Fill B is located in the central portion of NSA Crane, on the western side
of Highway 45 (Figure 2-2). Mine Fill B was used for the preparation of nitrate and the production of large
mines, depth charges, rocket heads, aerial bombs, and projectiles. Additional information related to past
operations, environmental investigation history, and COCs is available in the RFI and other corrective
action documents for SWMU 13 (Tetra Tech NUS, 2007, 2010b, and 2011c).

The locations of the SWMU 13 wells are shown on Figure 3-1. The potentiometric surface maps for the
Puz and Plz at SWMU 13 from the RFI (Tetra Tech, 2007) are provided in Appendix D.

Mine Fill B lies on top of a ridge that was flattened to some extent in the 1940s in preparation for the
construction of buildings, roads, and associated parking and staging areas. The four wells are situated in
the northeasternmost area of Mine Fill B, along Highway 45. Groundwater flow in the Puz at SWMU 13 is
to the southwest, with components to the northwest and southeast, away from the ridgeline. The wells
are upgradient of potential site-related contamination at SWMU 13, and no other potential sites have

been identified in the vicinity of these wells.

3.1.7 SWMU 16, Cast High Explosives Fill/Building 146 Incinerator

Two wells from SWMU 16 were selected for inclusion in the background data set, 16MWO02 and
16MWT17. SWMU 16 is located in the north-central portion of NSA Crane, on the southern side of
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Highway 45 (Figure 2-2). Building 146, the largest building at SWMU 16, was an explosives fill and
pressure washout facility. Additional information related to past operations, environmental investigation
history, and COCs is available in the RFI and other corrective action documents for SWMU 16 (Tetra
Tech NUS, 2005b, 2010c, and 2011d).

The locations of the SWMU 16 wells are shown on Figure 3-1. The potentiometric surface map for the
Puz at SWMU 16 from the RFI (Tetra Tech NUS, 2011d) is provided in Appendix D.

SWMU 16 is situated along a northwest-southeast trending ridge, and the selected wells are situated in
the northwestern portion of SWMU 16. Groundwater flow in the Puz at SWMU 16 is to the southeast, with
components to the northeast and southwest, away from the ridgeline. The wells are upgradient of
potential site-related contamination at SWMU 16, and no other potential sites have been identified

upgradient of these wells.

3.1.8 SWMU 18, Load and Fill Area

SWMU 18 is located in the west-central portion of NSA Crane, encompasses approximately 1 square
mile, and includes over 100 buildings (Figure 2-2). Projectile load and fill operations, powder operations,
and propellant testing have been conducted at SWMU 18 since the early 1940s and continued throughout
its operational history. Load and fill operations were conducted in the northern portion of SWMU 18,
principally in Buildings 101, 102, 103, 104, 105, and 189 and also in Buildings 200 and 198 in the
southern portion of SWMU 18. The remaining area of the southern portion of SWMU 18 was used for
research, development, and testing and was referred to as the Applied Science Department Complex.
Current operations within SWMU 18 include renovation, rework, and loading of munitions items; research
and development; and testing. Due to its large size, SWMU 18 was subdivided into the following 10
subareas based on similar operations or use and geographic proximity to facilitate more efficient and

effective investigation:

e Subarea A: Building 105 Area

e Subarea B: Buildings 101, 102, and 103 Area

e Subarea C: Inert Operation Area

e Subarea D: Special Program (SP) Area

e Subarea E: Building 104 Area

e Subarea F: Buildings 2084, 2085, and 2540 Area
e Subarea G: ASD | Area

e Subarea H: Building 198 Area
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e Subarea I: Building 200 Area
e Subarea J: ASD Il Area

RFI activities were conducted at SWMU 18 in 2011. Additional characterization of media in several

subareas is pending.

Four wells from SWMU 18 were selected for inclusion in the background data set, 18AMWTO0O01,
18DMWTO001, 18GMWTO004, and 18IMWTO001. The locations of these wells are shown on Figures 3-1.
Preliminary potentiometric surface maps from the RFI conducted in 2011 (in preparation) are provided in

Appendix D.

Highway 45 generally bisects SWMU 18 into northern and southern areas along two east-west trending
ridges. The tops of the ridges are generally cleared and level, whereas the slopes are wooded and steep,
with buildings within SWMU 18 generally situated along the two east-west trending ridges. Groundwater
flow in the Puz in the four subareas with wells included in the background evaluation generally follows
topography. The wells are upgradient of potential site-related contamination at SWMU 18, and no other

potential sites have been identified upgradient of these wells.

3.1.9 SWMU 22, Lead Azide Pond

One well from SWMU 22, 22MWT001, was selected for inclusion in the background dataset. SWMU 22
is located in the central portion of NSA Crane, east of Highway 45, and is referred to as the Explosive
Actuated Device (EAD)/Booster Area or the “Backline.” The Booster Area was designed and constructed
to load 5-inch rockets during World War Il. EADs were loaded with explosives such as lead azide, lead
styphnate, tetryl, RDX, and black powder. Building 136 was used for the propellant portion, Building 138
was the pressing building for warheads, and Building 2520 was the final assembly building. The area is
currently operated by the Army and is involved in the production of small explosive charges and fuse
maintenance. The buildings associated with the Backline are planned to be demolished in 2011. An
unlined retention pond previously located at the northern end of the Backline, received overflow
wastewater from sumps associated with the process buildings. The retention pond was removed in 1981.
RFI activities were conducted at SWMU 22 in 2011, 2012, and 2013. Preparation of the RFI Report is
pending.

The location of the well from SWMU 22 is shown on Figure 3-1. A preliminary potentiometric surface map

from the RFI activities conducted in 2012 is provided in Appendix D.
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SWMU 22 is situated on a portion of the top of a flattened topographic high, and well 22MWTO001 is
situated in the northwestern portion of SWMU22, north of Building 138. Groundwater flow in the Puz at
SWMU 22 is to the south toward the drainages. The well is upgradient of potential site-related
contamination at SWMU 22. No other potential sites have been identified upgradient of these well;
however, a potentially impacted area may exist northeast of Building 138 (and northeast of well
22MWTO006), in an area not previously investigated. Well 22MWT006 was excluded from the statistical

evaluation based on potential impacts from this area.

3.2 DATA USABILITY

The background data set were collected from environmental investigations at NSA Crane in accordance
with IDEM- and U.S. EPA-approved work plans. The following sections discuss data sampling and

analyses and data quality reviews as they relate to data usability for this evaluation.

3.2.1 Sampling and Analyses

The groundwater samples included in this evaluation were collected using low-flow purging and sampling
techniques to minimize turbidity. Groundwater samples were analyzed using SW-846 Methods 6010 or
6020 (all metals except mercury) or Method 7470 (mercury only), depending on the investigation with
which the samples are associated. Method 6020 is generally less prone to analytical interferences than
Method 6010, and it is also generally more sensitive than Method 6010, depending on the metal being
analyzed. The precision and accuracy of the data are comparable for the two methods, and mixing of

data from two analytical methods was considered to be acceptable for this evaluation.

Specific sampling methods and analyses and additional information related to sampling and analysis may

be found in the SWMU-specific documents listed in the reference section if this report.

3.2.2 Data Quality Review

The data quality objectives and requirements for the data used in this evaluation were investigation
specific and established for each investigation. Data collected for environmental investigations
underwent data quality review to ensure the usability of the data. The review includes data verification
and validation. Verification is a process used to ensure that contractual requirements were satisfied.
Validation is a comparison of data quality indicators (DQIs) to prescribed acceptance criteria to assess
analytical method performance. The DQIs used are measures to assess the bias and precision of the
analytical calibrations and sample analyses. Together, verification and validation are the first steps in

evaluating data completeness, accuracy, sensitivity, comparability, and representativeness. The data
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review process culminated with a data usability assessment presented in the SWMU-specific report
during which the final usability of the data is established relative to the intended data use. All data used
in this background evaluation have undergone data quality review for individual SWMU investigations and

are considered acceptable for use in this evaluation.

Additional information regarding data quality is provided in the following subsections.

3.2.2.1 Data Validation

As part of their respective environmental investigations, the groundwater analytical data were subjected
to data validation and a data usability evaluation, which included assessments of bias, precision,
representativeness, comparability, completeness, and sensitivity. Data validation is an objective
systematic process in which analytical data are reviewed to ascertain the validity of the reported results
and to identify for the data user some possible limitations of these results. Data usability considers the
data validation outputs but includes additional assessments that consider whether the data are usable for

the intended purpose.

Data validation was performed for all samples analyzed. Data validation was completed in accordance
with the procedures for data validation as outlined in Navy guidance (NFESC, 1999 and DOD, 2009).
The data from investigations were validated in accordance with U.S. EPA Contract Laboratory Program
National Functional Guidelines for Inorganic Data Review, as amended (1993 and 2004). The results of
the validation process were summarized in technical memoranda describing qualified analytical results.
All data validation documentation is currently retained on file by Tetra Tech. Investigation reports also

may include copies of the validation memoranda.

The data used for this evaluation are considered usable based on the results of data validation.

3.2.2.2 Bias, Accuracy, and Precision Evaluation

Bias and accuracy of the background groundwater data were found to be acceptable for their intended
investigation-specific use; therefore, the data were used without qualification for this background

evaluation.
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3.2.2.3 Analytical Sensitivity

In general, the investigation-specific detection limits were achieved; therefore, groundwater data from
selected background wells was used without regard to the detection limits that were attained. Table 4-1

presents minimum and maximum detection limits attained.

3.2.2.4 Data Comparability, Completeness, and Representativeness

Sampling methods, sample preservation, and sample storage practices that preserved the integrity of the
groundwater samples were consistent from one investigation to another. The samples selected for this
background groundwater evaluation were collected from wells screened in the upper, middle, and lower
water-bearing zones within the Pennsylvanian bedrock and are therefore considered representative of the
entire aquifer. Analytical methods based on similar techniques and exhibiting similar performance
characteristics were used for all environmental investigations from which background groundwater data
were used. These factors ensured that all groundwater data collected from the background locations are
comparable and representative of the Pennsylvanian bedrock groundwater. This representativeness
spans several years and a large spatial expanse within the NSA Crane boundary, and the data set is
therefore considered a comprehensive set of background groundwater quality data that can be applied to

environmental groundwater investigations of Pennsylvanian bedrock groundwater.

3.3 STATISTICAL ANALYSIS

A series of statistical analyses were conducted to determine a representative background data set for
groundwater data from the selected Pennsylvanian aquifer wells. The conclusions of the statistical
analysis are presented in Section 4, and the methodology and full results of the analysis are discussed in

detail in Appendix E.

Table 3-2 presents the concentrations of metals (total) in samples from the Pennsylvanian aquifer wells
selected for this background evaluation. For the statistical evaluation, the concentration of each metal in
the data set was considered to carry equal weight in terms of characterizing the concentration distribution
of metals in the Pennsylvanian aquifer. Concentrations less than detection limits (i.e., non-detect values)

were replaced with the value of the detection limit.
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TABLE 3-1

MONITORING WELL INFORMATION
BASEWIDE PENNSYLVANIAN BEDROCK BACKGROUND GROUNDWATER EVALUATION
NSA CRANE, INDIANA

Date of Coordinates? Elevation Total Screened Interval Water-
Monitoring Well® Installation oordinates (feet NAVDS88) Depth® (feet bgs) Bearing
Northing | Easting Ground | Ref. Point (feet bgs) Top | Bottom Zone
SWMU 01 - Mustard Gas Burial Ground
[01-06 (WES-1-6-82) [ 11/10/1982 3045143.95 | 1327648.67 | 59538 | 597.98 | 93.05 | 750 | 84.4 Pennsylvanian (Lower)
SWMU 08 - Building 106 Pond
[08MWTO07 | 5/13/2005 1306840.18 | 3014993.62 | 699.73 | 70131 | 33.0 | 180 | 33.0 Pennsylvanian (Upper)
SWMU 09 - Pesticide Control Area /R-150 Tank
09-10 (WES-9-10-83) 8/18/1983 1312055.42 | 3025373.75 723.83 726.51 27.0 115 20.6 Pennsylvanian®
09-WTP6 (WES-WTP6-86) 7/28/1986 1312307.48 | 3025423.99 733.10 735.09 26.7 20.7 25.7 Pennsylvanian®
09T01 12/04/2000 1312804.34 | 3025759.95 737.56 740.02 26.0 11.0 26.0 Pennsylvanian®
09T05 12/04/2000 1311681.50 | 3025540.48 716.73 719.19 17.0 7.0 17.0 Pennsylvanian®
SWMU 10 - Rockeye
[10C52 (WES-10-52C-88) | 06/08/1989 1326218.319] 3044737.357| 809.42 | 811.73 | 83.0 | 580 | 68.0 Pennsylvanian (Lower)
SWMU 12 - Mine Fill A
12MWT25 09/12/2004 1313924.59 3026269.42 746.55 748.66 26.0 15.0 25.0 Pennsylvanian (Upper)
12MWT26 09/12/2004 1313638.57 3025981.12 741.64 743.72 25.0 14.0 24.0 Pennsylvanian (Upper)
12MWT27 09/02/2004 1313736.63 3026477.23 738.42 740.52 26.0 15.0 25.0 Pennsylvanian (Upper)
12MWT33 09/02/2004 1313725.86 3026481.26 738.32 740.49 95.0 74.0 94.0 Pennsylvanian (Middle)
SWMU 13 - Mine Fill B
13MWTO1 03/30/2003 1310541.57 3025015.94 713.10 715.34 15.0 5.0 15.0 Pennsylvanian (Upper)
13MWTO03 03/30/2003 1310240.95 3024891.66 718.34 721.10 15.0 5.0 15.0 Pennsylvanian (Upper)
13MWT28 11/19/2003 1309678.62 3024066.67 703.54 705.55 88.0 78.0 88.0 Pennsylvanian (Lower)
SWMU 16 - Cast High
16MWO02 (WES-14-02-83) 1983 1321319.90 3032647.27 763.69 766.54 25.8 11.4 20.4 Pennsylvanian (Upper)
16MWT17 11/08/2003 1321235.88 3032675.07 764.78 766.53 24.0 14.0 24.0 Pennsylvanian (Upper)
SWMU 18 - Load and Fill Area
18AMWTO001 12/05/2011 1309581.89 3015573.81 684.49 687.08 24.0 13.0 23.0 Pennsylvanian (Upper)
18DMWT001 11/07/2011 1307840.00 3016101.97 681.01 683.78 18.5 8.0 18.0 Pennsylvanian (Upper)
18GMWT004 12/16/2011 1305244.05 3016493.37 654.09 656.72 28.5 17.0 27.0 Pennsylvanian (Upper)
18IMWT001 11/22/2011 1304198.16 3015031.33 695.63 698.06 31.0 21.0 31.0 Pennsylvanian (Upper)
SWMU 22 - Lead Azide Pond
[22MWTO01 [ 05/11/2012 1315811.32 | 3027409.14 | 766.47 | 768.74 | 25.0 | 150 | 25.0 Pennsylvanian (Upper)

NOTES

(1) Original well designation in parantheses.
(2) Indiana State Plane Coordinate System, NAD83.

(3) Total boring depth.

(4) Pennsylvanian = zone not specified; assumed to be Pennsylvanian (Upper).

bgs = below ground surface.

NADB83 = North American Datum if 1983.
NAVD88 = North American Vertical Datum of 1988.




TABLE 3-2

ANALYTICAL DATA SET

BASEWIDE PENNSYLVANIA BEDROCK BACKGROUND GROUNDWATER EVALUATION

NSA CRANE, INDIANA

PAGE 1 OF 3
SWMU/WELL BEAVI\?/'IAI\ITGEFZQEDNE SAMPLE DATE| ALUMINUM | ANTIMONY ARSENIC BARIUM BERYLLIUM CADMIUM CALCIUM CHROMIUM COBALT COPPER

SWMU 01 - Mustard Gas Burial Ground

[01-06 | Plz | 09/04/2001 | 402 U | 1.6 U | 32U | 213 | 04U | 03U | 170000 | 0.6 U 1U | 09 U |

SWMU 08 - Building 106 Pond

[08MWTO7 | Puz | 06/02/2005 | 463 J | 02U | 0.45 U | 195J | 0.05 U | 0.08J | 9640 J | 0.58 J 53J | 21U |

SWMU 09 - Pesticide Control Area/R-150 Tank

09-10 Puz 01/31/2001 200 U 1U 0.75 68.4 1U 1U 25800 5U 3U 2U

09701 Puz 01/31/2001 200 U 1U 2.9 52.6 1U 1U 39400 5U 3U 4.4

09T05 Puz 01/30/2001 200 U 1U 1.5 90.7 1U 1U 24000 5U 18.2 2

09-WTP6 Puz 01/23/2001 200 U 1U 1U 19.3 1U 1U 59300 5U 3U 2U

SWMU 10 - Rockeye

[10C52 | Plz | 01/18/2001 | 200 U | 1U | 1U | 17.9 | 1U | 1U | 17000 | 5U 3U | 2U |

SWMU 12 - Mine Fill A

12MWT25 Puz 10/10/2004 479 0.085 U 1.1J 26.2 J 0.1J 0.14 U 216000 J 1.4 U 53.2 J 3J
02/04/2005 192 J 0.085 U 0.27 U 21.8 J 0.04 U 0.04 U 125000 J 0.74 U 12.9 J 341

12MWT26 Puz 09/26/2004 565 J 0.24 U 2.3J 38.4 J 0.07 U 0.11 U 92600 J 1.7J 31.3J 0.84 J
02/17/2005 126 J 0.54 U 0.67 U 12.8 U 0.03 U 0.13 U 77900 J 0.72 U 5.6 J 3.5

12MWT27 Puz 09/25/2004 323 J 0.22 U 0.58 U 39.1J 0.03 U 0.05 U 21200 J 1.2 11.2 J 0.67 J
02/07/2005 205 J 01U 0.22 U 20.6 J 0.02 U 0.04 U 16300 J 0.62 U 1.2 U 2]

12MWT33 Pmz 09/26/2004 37.1 U 0.52 U 2.7 13.2 J 1.3J 0.039 U 61100 J 0.52 U 44.4 ) 0.7J
02/18/2005 200 J 0.085 U 1.2 U 15.6 U 227 0.18 U 56400 J 0.76 U 40 J 251

SWMU 13 - Mine Fill B

13MWTO01 Puz 04/26/2003 598 J 0.24 U 0.23 U 55.4 J 1.2 U 0.18 U 9720 J 02U 36 J 29
11/23/2003 699 J 0.02 U 0.17 U 46.8 J 1.2 U 0.06 U 7190 J 0.73 U 29.9 J 1.4 U

13MWTO03 Puz 04/26/2003 3990 J 0.13 U 1J 74.5 J 1.2 U 0.82 U 34800 J 7.1 48.8 J 5.6 J
11/11/2003 627 J 0.02 U 0.31 U 62.1 J 1.8 U 0.37 U 26100 J 1.4 U 25 J 3.2

13MWT28 Plz 12/07/2003 6270 J 29 15.2 J 65.3 J 0.27 U 0.04 U 10600 J 11.7 J 2J 1.4 U

SWMU 16 - Cast High

16MW02 Puz 04/24/2003 85.6 01U 0.16 U 21.6 J 0.42 U 0.31 U 99400 J 0.43 U 12.9 J 0.87 J
05/11/2003 60.6 U 0.03 U 0.33 U 18 J 0.34 U 0.22 U 97300 J 0.29 U 9.2J 0.15 U
10/25/2003 83U 0.02 U 0.66 J 17.8 J 0.06 U 0.04 U 212000 J 0.17 U 18.7 J 0.12 U

16MWT17 Puz 12/05/2003 187 J 0.05 U 1.3 U 427 J 0.69 U 0.53 U 42200 J 0.39 U 64.4 J 0.56 U

SWMU 18 - Load and Fill Area

18AMWT001 Puz 01/20/2012 3110 J 2 UJ 1.5 U 35.6 3.01 0.462 J 12300 0.816 J 62 12.3

18DMWT001 Puz 01/17/2012 28.5 J 2 U 1.5 U 75.6 05U 0.5 U 43900 1U 25U 2 U

18GMWT004 Puz 01/19/2012 6210 J 4 UJ 8.61 J 74.6 J 1.16 J 1U 24200 J 11.4 J 34 J 21.6 J

18IMWTO001 Puz 01/23/2012 8500 4U 8.28 97.5 0.591 J 1U 61000 26.2 27.2 16.6

SWMU 22 - Lead Azide Pond

[22mMwTO1 | Puz | 05/22/2012 | NA | NA | 1.4 | 342 | NA | 09 | NA | 4 NA | NA |




TABLE 3-2

ANALYTICAL DATA SET
BASEWIDE PENNSYLVANIA BEDROCK BACKGROUND GROUNDWATER EVALUATION
NSA CRANE, INDIANA

PAGE 2 OF 3
WATER-
SWMUMELL | oy oin o one | SAMPLE DATE IRON LEAD MAGNESIUM | MANGANESE | MERCURY NICKEL POTASSIUM | SELENIUM SILVER

SWMU 01 - Mustard Gas Burial Ground

[01-06 | Plz | 09/04/2001 | 398 | 1.6 U | 156000 | 379 | 01U | 26 | 2790 | 0.8 U | 3 |

SWMU 01 - Mustard Gas Burial Ground

[08MWTO7 | Puz | 06/02/2005 | 681 J | 0.54J | 6750 J | 93.9J | 0.03 U | 78J | 518 J | 0.33J | 0.028 U |

SWMU 09 - Pesticide Control Area/R-150 Tank

09-10 Puz 01/31/2001 136 1U 10600 J 164 0.2 U 10 U 5000 U 1U 3 UJ

09701 Puz 01/31/2001 144 1U 26500 J 34.8 02U 10 U 5000 U 1U 3 UJ

09T05 Puz 01/30/2001 100 U 1U 21900 J 178 0.2 U 51.2 5000 U 1U 3 UJ

09-WTP6 Puz 01/23/2001 149 1U 19800 J 15 02U 10 U 5000 U 1.1J 3U

SWMU 10 - Rockeye

[10C52 | Plz | 01/18/2001 | 22200 | 1U | 11800 J | 897 | 02U | 10U | 5000 U | 1U | 3U |

SWMU 12 - Mine Fill A

12MWT25 Puz 10/10/2004 1920 J 0.66 U 229000 J 4910 J 0.042 U 103 J 5320 J 3.4 0.03 U
02/04/2005 1110 J 0.425 U 153000 J 2200 J 0.03 U 32 3320 J 1.9J 0.028 U

12MWT26 Puz 09/26/2004 2990 J 0.53 U 70000 J 2520 J 0.14 U 60.1 J 3740 J 0.28 U 0.028 U
02/17/2005 2010 J 0.157 U 50000 J 1020 J 0.051 U 12.8 J 1630 J 0.99 J 0.028 U

12MWT27 Puz 09/25/2004 482 J 0.37 U 16400 J 701 J 0.03 U 30.7 J 3710 J 0.61 U 0.028 U
02/07/2005 396 J 0.42 U 16500 J 160 J 0.03 U 7.3 1080 J 0.37 U 0.028 U

12MWT33 Pmz 09/26/2004 41800 J 0.34 U 33500 J 3010 J 0.043 U 131 4520 J 0.094 U 0.028 U
02/18/2005 41700 J 1U 27200 J 1680 J 0.05 U 110 J 4770 J 0.31 U 0.028 U

SWMU 13 - Mine Fill B

13MWTO01 Puz 04/26/2003 135 J 1.4 U 6790 J 689 J 0.16 J 26.6 J 494 J 0.17 U 0.18 U
11/23/2003 61.7 U 1.2 U 5850 J 566 U 0.39 21.1J 403 J 0.05 U 0.03 U

13MWTO03 Puz 04/26/2003 1910 J 2 U 17000 J 302 J 0.02 U 99.7 J 2860 J 0.32 U 0.43 U
11/11/2003 344 U 0.67 U 15800 J 211 J 0.02 U 76.3 J 1040 J 0.04 U 0.03 U

13MWT28 Plz 12/07/2003 2460 J 25U 2950 J 66.7 J 0.007 U 7.1 3670 J 4.1 0.03 U

SWMU 16 - Cast High

16MW02 Puz 04/24/2003 287 J 0.21 U 6240 J 916 J 0.02 U 34.2 ) 738 J 0.05 U 0.09 U
05/11/2003 415 J 0.28 U 6480 J 864 J 02U 27 J 3390 U 0.06 U 0.04 U
10/25/2003 13700 J 0.18 U 35200 J 2440 J 0.02 U 36.7 J 2640 J 0.04 U 0.03 U

16MWT17 Puz 12/05/2003 27000 J 0.24 U 16700 J 5940 J 0.007 U 125 J 5380 J 0.07 U 0.03 U

SWMU 18 - Load and Fill Area

18AMWTO001 Puz 01/20/2012 1970 J 0.75 U 5510 1270 02U 76.1 2230 1.25 U 0.5U

18DMWT001 Puz 01/17/2012 12.7J 0.75 U 15100 6.89 02U 1.56 J 1170 J 1.25 U 05U

18GMWT004 Puz 01/19/2012 11300 J 11.7 J 10800 J 1180 J 0.2 UJ 88.1 J 5000 J 2.5 UJ 1U

18IMWTO001 Puz 01/23/2012 22500 15.5 37100 1890 02U 55.8 5370 25U 1U

SWMU 22 - Lead Azide Pond

[22mMwWTO01 | Puz | 05/22/2012 | NA | 32 | NA | NA | 0.18 U | NA | NA | 0.45J | 0.06 U |




TABLE 3-2

ANALYTICAL DATA SET
BASEWIDE PENNSYLVANIA BEDROCK BACKGROUND GROUNDWATER EVALUATION
NSA CRANE, INDIANA

PAGE 3 OF 3
SWMU/WELL WATER- SAMPLE DATE| SODIUM THALLIUM TIN VANADIUM ZINC
BEARING ZONE

SWMU 01 - Mustard Gas Burial Ground

[01-06 | Plz 09/04/2001 | 17200 | 5 | 190 U | 3U | 11U |

SWMU 01 - Mustard Gas Burial Ground

[08MWTO7 | Puz 06/02/2005 | 36500 J | 0.26 U | 01U | 1.14 U | 12.4J |

SWMU 09 - Pesticide Control Area/R-150 Tank

09-10 Puz 01/31/2001 57600 J 1U 10 U 2 U 10 U

09701 Puz 01/31/2001 134000 J 1U 10 U 2.1 10 U

09T05 Puz 01/30/2001 102000 J 1U 10 U 2 U 25.4

09-WTP6 Puz 01/23/2001 48900 J 1U 10 U 2 U 13.2

SWMU 10 - Rockeye

[10C52 | Plz 01/18/2001 | 15700 J | 1U | 10U | 2U | 10U |

SWMU 12 - Mine Fill A

12MWT25 Puz 10/10/2004 152000 J 0.08 J 0.24 U 1.14 U 20.8 J
02/04/2005 116000 J 0.08 U 0.09 U 1.14 U 26.1J

12MWT26 Puz 09/26/2004 165000 J 0.043 U 0.06 U 1.14 U 12.1J
02/17/2005 143000 J 0.06 U 0.33 U 1.14 U 8J

12MWT27 Puz 09/25/2004 53600 J 0.043 U 0.69 U 1.14 U 11.3 J
02/07/2005 39200 J 0.043 U 0.15 U 1.14 U 33U

12MWT33 Pmz 09/26/2004 40300 J 0.043 U 0.048 U 1.14 U 96 J
02/18/2005 32200 J 0.043 U 0.38 U 1.14 U 128 J

SWMU 13 - Mine Fill B

13MWTO01 Puz 04/26/2003 24300 J 0.11 U 0.1U 0.08 U 29.7 J
11/23/2003 26100 J 0.08 U 0.1U 0.06 U 29.9J

13MWTO3 Puz 04/26/2003 37400 J 0.23 U 0.34 U 5.8 J 161 J
11/11/2003 40700 J 0.04 U 0.1U 0.76 U 97.7 J

13MWT28 Plz 12/07/2003 124000 J 0.06 U 0.63 U 12.5J 6.7 J

SWMU 16 - Cast High

16MW02 Puz 04/24/2003 18000 J 0.1U 0.06 U 03U 50 J
05/11/2003 17900 J 0.11 U 0.07 U 0.35 U 42.9 J
10/25/2003 20200 J 0.08 U 0.1U 0.09 U 15.8 J

16MWT17 Puz 12/05/2003 61300 J 0.12 U 0.1U 0.17 U 122 J

SWMU 18 - Load and Fill Area

18AMWT001 Puz 01/20/2012 10100 1U NA 25U 63.1

18DMWTO001 Puz 01/17/2012 34300 1U NA 25U 2.16 J

18GMWT004 Puz 01/19/2012 89300 2 U NA 7.47 J 78.2 J

18IMWTO001 Puz 01/23/2012 50300 2 U NA 17.9 85

SWMU 22 - Lead Azide Pond

[22mMwTO1 | Puz 05/22/2012 | NA | NA | NA | NA | NA |

NOTES

Results are for total metals (i.e., unfiltered samples) in micrograms per liter (ug/L).

NA = Parameter not analyzed.

J - Indicates that the parameter was detected but the concentration is considered an estimate due to imprecision.

U - Indicates that the parameter was not detected at the numerical detection limit.

UJ - Indicates that the parameter was not detected and the result is estimated.
Plz - Pennsylvanian (lower zone).
Pmz - Pennsylvanian (middle zone).
Puz - Pennsylvanian (upper zone).
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4.0 EVALUATION OF BACKGROUND CONCENTRATIONS

This section presents the results of the statistical evaluation performed to establish the background data
set for metals in groundwater within the Pennsylvanian bedrock at NSA Crane. It also discusses use of

the background data set in future investigations.

4.1 STATISTICAL EVALUATION SUMMARY

Table 4-1 presents the results of the statistical evaluation of metals in background groundwater at NSA
Crane. The calculated UTLs represent the background concentrations for groundwater within the

Pennsylvanian bedrock.

4.2 COMPARISON OF SITE TO BACKGROUND CONCENTRATIONS

For comparisons of site data to background data, either site-wide tests or individual comparison tests will
be used to compare site concentrations to background concentrations. Site-wide tests are used to
compare an average (for normal distributions)/median (for non-parametric distributions) site concentration
to an average/median background concentration. Individual comparison tests are used to compare
individual site concentrations to a representative background concentration. Site-wide comparisons are
generally the preferred method of comparison. If site-wide comparisons cannot be used, then the

alternative is to use individual comparison tests.

Site-wide comparison tests require that the site and background media data sets being compared meet
certain general assumptions. General requirements are that a specific minimum number of samples be
included in the site and background data sets so that there is sufficient confidence in the test conclusions.
A sample size calculation will be conducted prior to usage to ensure the desired level of confidence is
reached. The sample size determination will be in accordance with the project data quality objectives,
Navy guidance, or other appropriate methods. Enough site data are to be collected to evaluate the null
hypothesis that site conditions are not representative of background conditions against the alternative
hypothesis that site conditions are representative of background, with alpha and beta error levels of 0.05,
and a minimum detectable difference of two background standard deviations. If enough site data to meet
the criterion for site-wide comparisons cannot be obtained, the alternative is to perform a separate

comparison of each site sample to background using individual comparison tests.

U.S. EPA’s ProUCL, Version 4.1.1, calculates multiple background values and accounts for non-detected

concentrations. One of the background threshold values calculated by ProUCL is a 95-percent UTL.
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UTLs were established for each metal based on the null hypothesis that individual site concentrations are
within the background concentration range. For individual comparisons, concentrations of each metal
from each site sample are compared to a UTL for that metal that represents a statistically derived upper
limit on the average background concentration. Table 4-1 presents the 95-percent UTLs for groundwater
from the Pennsylvanian aquifer at NSA Crane. (The data input for ProUCL used to calculate the UTLs is

provided in Appendix E.)
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TABLE 4-1

SUMMARY STATISTICS

BASEWIDE PENNSYLVANIAN BEDROCK BACKGROUND GROUNDWATER EVALUATION

NSA CRANE, INDIANA

MINIMUM MAXIMUM
PARAMETER® Fop | RANGE (E:T\A?TEST ECTION DETECTED DETECTED MEAN® DSET\'ZZ_?ST\% DATA DISTRIBUTION® uTL®?)
CONCENTRATION [ CONCENTRATION

ALUMINUM 19/28 8.3-200 28.5 8,500 1192 2220 Log-Normal 6,183
ANTIMONY 1/28 0.02-4 2.9 2.9 NA® NA®) Assumed Nonparametric NA ©
ARSENIC 12/29 0.16 - 3.2 0.66 15.2 2 3.2 Assumed Nonparametric 9.1
BARIUM 27129 12.8 - 15.6 13.2 97.5 41.3 24.9 Log-Normal 96.9
BERYLLIUM 6/28 0.02-1.8 0.1 3.01 0.40 0.70 Assumed Nonparametric 2.0
CADMIUM 3/29 0.039 - 1 0.08 0.9 0.14 0.19 Assumed Nonparametric 0.55 )
CALCIUM 28/28 NA 7,190 216,000 39300 58500 Log-Normal 216,000
CHROMIUM 9/29 0.17 -5 0.58 26.2 2.7 5.3 Assumed Nonparametric 14.6 )
COBALT 21/28 1-3 2 64.4 21.7 19.5 Nonparametric 65.5
COPPER 17/28 0.12-2.1 0.67 21.6 3.4 5 Log-Normal 14.6
IRON 25/28 61.7 - 344 12.7 41,800 7070 12200 Log-Normal 34,500
LEAD 4/29 0.157 - 2.5 0.54 15.5 15 3.4 Assumed Nonparametric 9.0 "
MAGNESIUM 28/28 NA 2,950 229,000 19400 53700 Log-Normal 229,000
MANGANESE 27/28 566 - 566 6.89 5940 1200 1460 Log-Normal 4,470
MERCURY 2129 0.007 - 0.2 0.16 0.39 0.17 0.04 Assumed Nonparametric NA ©
NICKEL 24/28 10-10 1.56 131 44.6 40.4 Log-Normal 135
POTASSIUM 22/28 3,390 - 5,000 403 5,380 2690 1670 Nonparametric 6,450
SELENIUM 7/29 0.04-25 0.33 4.1 0.70 0.91 Assumed Nonparametric 2.7
SILVER 0/29 0.028 - 3 NA NA NA NA Assumed Nonparametric NA ©
SODIUM 28/28 NA 10,100 165,000 45800 46900 Log-Normal 165,000
THALLIUM 1/28 0.04-5 0.08 0.08 NA®) NA®) Assumed Nonparametric NA ©
TIN 0/24 0.048 - 190 NA NA NA NA Assumed Nonparametric NA ©
VANADIUM 5/28 0.06 - 3 2.1 17.9 3.4 3.6 Assumed Nonparametric 11.4 9
ZINC 23/28 1.1-10 2.16 161 41.2 44 .2 Log-Normal 140
NOTES

(1) Results for total metals (i.e., unfiltered samples)in micrograms per liter (ug/L).
(2) Data distribution determined using Shaprio Wilk Test with a 5-percent significance level.
(3) When non-detects are present the Kaplain-Meier mean and standard deviation are presented. The geometric mean is presented if the data are all detect and follow a log-normal distribution.

'‘Otherwise the arithmetic mean and standard deviation are presented.

(4) UTLs are presented using three significant figures if the value is greater than 10; otherwise, two significant figures are presented.

(5) UTLs were calculated using ProUCL, Version 4.1.1. For assumed nonparametric, the 95-percent KM UTL is presented.
(6) There is two or less detected concentrations. Computing sumary statistics is not approporiate.
(7) ProUCL warns that there may not be enough detected concentrations for the calculations to be reliable enough to draw conclusions.

Rationale for UTL Selected from ProUCL Output

If all data detected and data distribution are not Normal, use Nonparamtric 95-percent UTL with 95-percent Coverage.
If any data are non-detect, use 95-percent Kaplain Meier UTL with 95-percent Coverage.

FOD = Frequency of detection.

KM = Kaplan-Meier.

UTL = Upper tolerance limit.

NA = Not applicable.
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Appendix A: Water Chemistry in Region 3 (Odon-Elnora Area)

Nell Tesp TENP Eh Eh
D Date  Thrmosetr D0  Thrmistr  SpC ol lobell Sample Alkalinity HCO3- C03:

ONITS: ¢ pe/L ‘¢ 1 usho oY Y] eq CaC03  ppa ppR

DE? LIM: A (25 *C)

PRECISION: 1f.1 t1 9.1 t.01 11 t1 19.1%

185 #8-Aug-88 15.9 §.58 15.5 918 8.37 152 99 589 573 24
106 #8-Aug-88 15.6 8.50 16.3 2916 8.89 148 -3 1204 1440 14
107 #8-Aug-88 15.7 8.59 16.3 532 8.10 144 135 297 362 )
168 #9-Aug-88 15.5 1.18 16.0 1174 8.93 153 133 657 764 18
109 #9-Aug-88 14.9 .63 15.4 126 7.88 150 -188 497 497 )
116 #9-Aug-88 15.4 9.86 15.9 491 8.04 141 -182 267 326 #
B3I #9-Aug-88 16.9 7.90 16.5 266 6.65 145 191 23 29 )
112 #9-Aug-88 17.6 2.5 18.4 561 7.80 143 88 382 369 )
113 #9-Aug-88 14.9 g.61 15.4 482 8.24 148 -258 269 325 1
114 18-Aug-88 15.5 §.42 16.9 601 8.02 156 -168 312 369 b
15 18-Aug-88 15.4 g.49 16.1 2481 8.39 155 -36 1331 1660 12
116 18-Aug-88 16.9 8.52 16.6 1501 9.18 151 -154 768 798 32
17 16-Aug-88 16.0 B.49 16.7 495 7.55 146 -283 278 329 )
118 10-Aug-88 15.1 8.65 15.6 562 8.50 138 128 318 380 4
119 18-Aug-88 15.8 3.81 15.5 443 6.67 137 275 128 156 )
120 11-4ug-88 15.5 8.43 15.9 837 8.64 153 -233 484 575 8
121 11-Aug-88 16.4 g.87 16.9 1066 9.18 148 12 585 660 26
122 11-Aug-88 15.4 4.4 15.8 552 - 1.26 142 -119 293 357 8
123 11-Aug-88 16.6 8.74 16.9 669 8.23 135 156 327 391 4
124 14-Aug-88 15.9 8.49 16.5 339 6.99 150 -146 199 232 8
125 14-Aug-88 15.9 8.4 16.4 125 8.33 143 -252 404 493 g
126 15-Aug-88 16.1 8.11 16.6 1268 §.17 153 -328 651 739 27
127 15-Rug-88 16.2 8.5 16.8 649 6.43 144 -71 138 169 g
128 15-Aug-88 16.9 B.45 16.6 395 7.51 132 -146 218 256 8
129 15-Aug-88 15.9 9.61 16.6 536 1.30 125 -89 Bl] ] N 8
130 15-Aug-88 16.8 8.4 17.4 652 7.4 128 106 376 459 8
131 16-Aug-88 15.8 6.85 16.3 169 6.68 146 211 74 11 8
132 16-Aug-88 17.8 8.47 18.4 1229 9.29 134 75 609 618 61
133 16-Aug-88 16.9 8.41 16.6 1248 9.33 128 54 692 833 b
134 16-Aug-88 15.7 8.49 16.3 733 8.42 127 78 468 571 8
135 16-Aug-88 16.4 8.39 16.9 665 7.34 122 -198 336 397 1
136 16-Aug-88 15.8 4 16.3 176 8.39 126 126 429 524 8
137 17-Aug-88 16.5 8.39 16.9 486 7.24 168 -31 273 333 f
138 17-Aug-88 15.3 8.42 15.8 580 7.48 154 -128 263 32 ]
139 17-Aug-88 15.5 #.51 15.9 482 7.36 158 -167 217 265 ]
149 17-Aug-88 15.0 3.82 15.5 492 7.14 145 237 228 218 #
141 17-Aug-88 16.2 8.4 16.7 935 9.00 145 -75 519 593 20
142 13-Sep-88 14.9 g.49 15.3 156 6.34 183 -19 82 106 8
143 13-Sep-88 14.8 .50 15.2 499 6.94 174 -120 223 12 )
144 13-5ep-88 16.4 6.90 16.8 369 5.80 72 273 48 59 #
145 13-Sep-88 16.2 .30 16.6 1282 7.41 178 -207 389 475 )
146 13-Sep-88 15.3 g.31 15.7 905 7.14 178 -96 298 363 ]
147 13-Sep-88 15.4 g.28 15.7 1004 7.19 173 -188 261 319 )
148 13-Sep-88 15.6 8.2 15.3 758 8.13 174 -154 416 586 1
149 14-Sep-88 15.7 8.32 16.2 3666 8.60 183 33 1857 1251 19
159 14-Sep-88 16.4 8.17 17.9 1581 8.63 175 -223 470 559 7
151 14-Sep-88 15.8 p.30 15.9 713 8.40 172 -282 409 484 1
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Appendix A: Water Chemistry in Region 3 (Odon-Elmora Area)

Well Temp TENP Eh Eh
1D Date  Thrmometr DO  Threistr  SpC i lobell Sample Alkalinity HCO3- CO3:

ORITS: 'C pg/L 0 1 prho aV Y] eq CaC03  ppe pPR

DET LIN: 1 {25 *C)

PRECISION: 8.1 1.1 9.1 t.81 H 1 19.1%

152 14-5ep-88 15.8 8.29 16.6 563 7.19 14 158 312 381 8
153 14-5ep-88 14.6 8.53 15.0 515 7.38 174 -148 225 2758 [}
154 14-Sep-88 15.6 8.17 15.9 547 7.93 174 -147 308 366 8
155 14-5ep-88 15.6 p.40 15.9 2248 8.12 176 -260 624 762 8
156 18-Sep-88 16.2 8.21 16.6 568 6.91 186 249 282 i ]
157 18-Sep-88 14.8 8.28 15.1 623 7.4 184 -152 343 419 8
158 20-Sep-88 15.6 g.51 16.6 480 6.96 183 -78 265 323 8
159 20-5ep-88 15.8 g.42 16.1 57 .14 174 -83 275 335 8
168 28-5ep-88 16.3 3.08 16.6 688 71.67 112 152 335 499 8
161 28-5ep-88 14.9 8.62 15.2 439 6.88 172 141 245 299 8
162 20-5ep-88 15.4 8.22 15.8 425 6.97 176 -115 238 298 ]
163 21-5ep-88 14.9 8.19 15.2 497 1.14 191 -126 248 293 #
164 21-5ep-88 16.68 8.2 16.9 894 7.67 187 -208 392 479 8
165 21-Sep-88 16.3 g.19 16.5 458 T.14 187 -141 213 260 8
166 21-5ep-88 14.6 g.21 14.9 1096 7.58 179 -85 427 521 8
167 21-5ep-88 14.8 2.86 15.1 422 6.62 178 216 162 198 9
168 21-5ep-88 15.8 8.11 15.4 397 5.99 176 254 49 '] g

HEAN 15.7 1.34 16.2 197 1.67 158 -47 378 449 H

STD DRV 8.6 2.08 8.1 614 f.86 19 162 42 285 11
KAX 17.8 8.21 18.4 3666 9.33 191 275 1331 1600 61
IR 4.6 8.1 14.9 156 .80 122 -328 23 11
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Appendix A: Water Chemistry in Region 3 (Odon-Elnora Area)

Nell

1D C1- NO3- S04- - Ca Ne § Na Fe In Pb Sr Ba

ppr  PPE PPR  PpR PR ppe PPR PPR ppb  ppb  ppb 941 PPR

1 1 | A .02 .02 83 KL 3 2 A .86 B4
185 5 3 «d 2.1 0.964 6.282 5.208  275.3 15 5 5 0.018  0.857
106 25 4 < 7.6 1.911  1.812  12.43  688.2 26 51 8§ 8.185 8.121
107 1 <1 12 6.7 10.37  3.038  6.319  116.8 35 <2 3 6.165 @.118
108 13 <1 «d 5.5 3.851 1.353  2.982  331.6 <3 18 <2 0.035 0.938
109 k] 18 ¢! 2.3 6.687  3.T18 4518  187.2 434 363 4 0144 0.428
110 2 3 8§ 6.1 7.887 1.880  3.147  104.8 284 <2 2 6.871  6.15
111 64 16 6 8.1 17.42 7.539 1.433  38.11 3 30 6 0.030 0.060
112 5 1 15 6.2 73.65 19.63 @.419  5.231 21 5 3 0.078 8.834
113 2 < ¢« 1.3 8.898 2.364 1.713  102.5 243 89 3 0.040 B.884
114 2 1 W 6.8 13.85 3.09% 2.9712  126.9 95 25 2 6.119 0.080
115 59 <1 <1 48 2.313  0.889  5.524  574.3 29 <2 2 8.139  8.195
116 25 <1 «1 6.6 1.393 B.411  3.042  398.2 16 2 <2 9.836  0.055
17 2 37 «1 0.5 4255 13.63 1.748  37.93 1315 108 <2 8.218  B.15%
118 2 ¢1 19 1.2 5.3317 1381 2517 137.6 14 52 2 0.864 0.138
119 20 41 3% 0.2 4.3 1.304 1224 18.44 7 9 <2 0.88¢ 0.033
128 9 1 5 LT 3.923  1.298  2.962  %46.6 39 (2 2 0.883 B.145
121 12 « ¢ 3.1 0.269 B.187 2.238  340.0 3 30 <2 0.815 8.019
122 6 (1 3 0.8 39.53 1917 3.497  40.26 183 244 2 B.486  B.613
123 6 <1 13 8.5  12.717 4.5  7.213  129.1 4 69 <2 9.881 B.149
124 2 <1 «1 0.6 13.8¢ 5.792  2.797 46.51 2543 415 <2 8.196 9.210
125 4 (1 «1 1.6 6.352 2.242  2.587  176.2 36 75 <2 8.875  0.069
126 1 <1 <l 3.2 @.713  @.221  2.721  388.9 80 (2 3 0.828 0.052
127 6 <1 177 8.1 59.69  15.85  3.147  37.73 2884 53 6 8.15¢ 0.018
128 1 <1 2 0.8 8.513  4.451  2.657  59.82 40 <2 2 0.131  8.108
129 | < <1 0.9 31.38 22.81  3.951 34.61 82 17 2 0.488 0.713
138 21 1 <1 1.8 T.420 2.517  3.636  178.6 13 199 <2 0.086 0.186
131 38 36 «d 6.1 2173 9.998 1.223 2.1 8 3 <27 0.836  0.049
132 34 3! ¢! 2.5 1871 8.477  2.552  358.3 9 3 <2 8.831  8.034
133 9 <1 <1 3.6 0.774 B.286  2.552  368.9 24 <2 2 8.031  8.028
134 29 <1 « 1.5 4696 1.319 3.811  236.9 21 18 5 @.118  0.067
135 2 <1 <1 6.9 68.91 26.91 2.483  19.92 381 <2 <2 8.689 8.812
136 3 <1 2 1.6 3.15¢ 2.692 2.797  189.2 <3 63 <2 0.099 0.07¢
137 i <1 «d 8.5  5.51  17.83  1.532  14.81  1@2 24 2 0.291  B.84
138 1 <1 <1 0.2 53.83 18.74 @.847 9.781 216 158 <2 0.178  8.259
139 1 1 «d 8.3 5.1 18.14  1.452 10.83 1661 423 2 8.281  0.483
140 5 12 32 8.7 65.85  21.67 1.238 1.724 &] T <2 8.855  8.892
141 3 <1 «d 2.4 1.193  8.357  2.822  258.2 34 16 <2 8.921 0.832
142 Z <1 2 0.1 12.56 5.683 6.870 13.76 2740 11 <2 9.865 0.073
143 (] <1 32 8.2 59.88 21.92 @.628 9.637 3445 ) <2 B.458  @.519
144 15 68 9 «<B.:  26.88  1%.61 1.351 32.2% 4 13 <2 0.046 .85
145 215 3] 3T 8.6 57.64 20.46  3.736  285.4 4156 230 2 B.516  6.591
146 86 <1 6 @#.4 56.35 23.82  3.625  96.15 424 ¥ <2 @.158  @.178
147 210 <1 66 0.4 T1.86  35.43  4.875  1B3.9 6456 64 2 0.281  8.331
148 26 ¢l 11 6.9 8.129 3.825 3.226  189.4 128 16 2 gL 8137
149 484 (1 98 7.3 4.85¢  3.551  S.457  791.9 41 22 2 0.075  0.087
158 184 (1 5 1.3 20.96  9.158  3.123 3448 43 66 6 8.448  8.518
151 19 1 2 1.2 12.54 6.162  2.858  178.1 199 ] <2 B.163 6.1
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Appendix A: Water Chemistry in Begion 3 (Odon-Elnora Area)

Nell
D Cl- NO3- S04-  E- Ca Ng K Na Fe In Pb Sr Ba
PPR  DPPE PP Ppa PR PR PPR PPR ppb  ppb  ppb PPR PR
1 1 1 A .82 .02 B3 B9 3 2 2 .06 B¢
152 2 1 <1 8.3 51.51 19.97 1.933  41.69 1746 329 2 0.183  @.212
153 2 <1 6 8.6 5434 22.24 1.862  39.81 1089 9 T 0.168 8.1713
154 11 <l 1 8.4 4.4 11.95  2.289  41.76 2831 160 <2 B.159  B.166
155 318 3 18 2.8  38.59 15.46  3.346  562.5 676 16 2 0.251 8.261
156 12 31 7 8.2 89.85 31.49 1212 4474 15 3 2 B.464  B8.625
157 b <1 9! 1.3 29.43 14.64 3.168  97.88 47t <2 2 0.836 8.979
158 2 (1 2 6.7  39.4 21.91  3.867  25.87 43 27 2 8.513  8.255
159 1 <1 <1 8.7 49.49 9.729  2.663 2414 272 <2 <2 8.676  B.462
160 2 (1 3 1.6  12.87 8.323  3.823  118.8 32 193 <2 8.297 B.148
164 1 <1 T 8.5 543 24.81 1.586  9.986 33 289 <2 8.316  8.312
162 | (1 § 8.4 49.36  22.57 1.308 10.08 884 23 <2 0.224 B0.389
163 1 3 1 8.4 43.99 17.38  1.58% 31.13 1179 595 2 8.209 B.641
164 60 « 1 2.4 28.47 1211 3.644  175.8 1168 346 <2 8.63%6 8.578
165 10 <1 26 8.1 51.60 22.89 1.15¢ 2,739 5218 231 2 8.139  8.852
166 106 <1 21 2.1 38.86  9.834  2.812 2471 158 4 3 8.268  8.486
167 10 35 12 8.3 .73 16.96 6.889  11.31 1 91 2 @.187  8.837
168 i1 65 32 8.1 21.99 16.38  @4.928  5.928 14 11 <2 8.918  8.921
36 1 13 1.4 28.59 18.66  2.765 154.1 688 94 <2 8.218  @.227
81 17 21 1.7 23,13 9.291  1.7%4¢  174.3 1363 146 2 8.208 9.232
484 16 17T 7.6 89.85  35.43 12.43  791.9 6456 645 § 0.855 6.979
1 <1 4 «@.1 0.269 0.107 6.419 1.7 3 <2 <2 0.815 6.819
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Appendix A: Water Chemistry in Begion 3 (Odon-Elnora Area)

Kell ANION  CATION kPN 1D5/5pC
D Kn Cr Cd As He Ag Se SOM SO  BALANCE  TDS  HARDNESS  BATIO
ppb  ppb  ppb  ppb  ppb  ppb  ppb  meq/h  weq/l % 5] PR
3 2 2 Z 8.5 1 2
1% t1%
185 3 ¢ ¥ @ e 2 18.5 12.2 7.4 889 4 1.9
166 b 2 Q @@ h d @ 25.2 30.4 9.3 2194 9 8.8
187 b <2 2 @ Wh <1 2 6.3 6.9 -1.9 513 38 1.9
188 6 2 <2 2 <5 <1 <2 13.8 14.8 34 1140 13 1.9
189 24 ¢ 2 @ b <1 ¥ 8.7 8.9 1.7 724 32 1.8
119 15 2 ¥ @ 5 ! 2 5.6 5.2 -3.3 454 21 9.9
111 1 « ¥ 2 & 8! ¢ 3.6 3.2 -6.7 242 14 8.9
12 47 <2 2 2 Wh d <2 6.5 5.5 -8.3 492 265 8.9
13 22 Q@ 2 2 Wh a <2 5.5 5.2 -3.1 447 32 8.9
114 21 < ¥ 2 Wh a ¢ 6.8 6.5 -1.8 544 45 8.9
115 7 0 Q@ 2 Wh «1 <2 28.5 25.3 -5.9 2259 18 8.9
116 7 @ 2 @ Wh ! @ 15.2 17.5 7.1 1264 5 8.8
117 47 ¢ @ 2 Wh a Q 6.1 5.8 -9.5 487 162 1.9
118 26 2 2 @ h d <2 6.7 6.4 -2.1 545 19 1.8
119 22 2 <2 2 US a <« 4.5 3.4 -14.8 324 126 8.1
128 18 @ v QWb d 2 16.1 11.1 4.6 854 15 1.8
121 16 <2 Q2 2 Wh 3! 2 12.3 14.9 9.5 1049 1 1.8
122 63 Q@ 4 @ d 2 6.1 5.4 -6.1 47 177 8.9
123 26 Q@ 2 @5 d 2 7.8 6.7 -2.8 564 51 8.9
124 114 2 2 2 5 d i 3.9 34 -6.4 307 58 8.9
125 62 2 2 @ Wb d @ 8.3 8.2 -8.3 687 25 8.9
126 26 2 Q@ QW5 4! ¢ 14.4 17.1 8.3 1286 3 1.8
127 395 <2 2 2 W5 4! ¢ 6.6 6.1 -4.1 i 211 8.1
128 4 < 2 25 5 d @ 4.3 35 -18.9 361 9 8.9
129 47 Q Q@ QL a 2 6.2 5.3 -1.4 472 183 8.9
138 37 ¢ 2 @2 b d 2 8.2 8.1 -8.5 666 29 1.9
131 3 2 Q L Uh d Q 3.1 2.9 -3.9 183 95 1.1
132 3 3 @ @ Wh ! 2 13.3 15.7 8.5 1079 5 8.9
133 7 5 ¢ 2 b a 2 14.3 15.8 5.1 1216 3 1.9
134 9 3 Q@ 2 b a Q 10.3 18.7 2.2 848 17 1.2
135 20 @ Q@ 5 b d 2 6.8 6.2 -4.7 524 263 8.9
136 a 3 @ @2 Wh « ¥ 8.8 8.7 -§.4 729 20 8.9
137 3 2 2 QW 4! ¢ 5.5 4.8 -6.6 424 286 8.9
138 A 2 @ 2 <5 d <2 5.3 4.1 -6.6 498 211 9.8
139 ¢} 3 ¢ 25 ¢ ¢ 4.4 4.8 4.5 355 209 8.1
149 3 4 2 2 Wh <1 Q@ 5.6 5.2 -4.3 419 251 8.9
141 3 5 < 2 5 4! 2 16.6 11.9 2.0 875 { 8.9
142 178 2 <2 5 5 d @ 1.8 1.9 3.3 145 55 1.9
143 285 Vi 2 12 5 3l <2 5.4 5.4 8.1 421 238 1.0
144 5 2 2 5 <5 ¢! 2 3.5 3.5 4.4 212 122 8.9
145 62 2 2 i 5 ! 2 14.7 17.3 8.3 1185 228 8.9
146 78 2 ¢ 2 Wh 8| 2 8.5 9.1 3.1 638 238 8.7
147 160 2 Q@ 5 U5 4| 2 12.4 15.9 9.3 897 323 8.9
148 3 4 2 @ Wh ¢! <2 9.3 9.9 -1.9 749 33 1.8
149 3 4 2 3 Wh d 23 37.2 35.1 -3.9 2691 25 8.7
158 11 3 2 545 ¢! 2 14.8 16.9 6.6 1140 99 8.1
151 9 <2 2 4 8.5 <1 2 8.8 9.0 8.8 117 51 1.0
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Appendix A: Water Chemistry in Region 3 (Odon-Elnora Area)

Nell ANION  CATION EPN TDS/5pC
1D Kn Cr Cd As He Ag Se SO SUN  BALARCE  TDS  HARDNESS RATIO
ppb  ppb  ppb  ppb  ppb  ppb  ppb  meq/L  meq/lL X ppR ppa
3 2 2 2 8.5 1 2
1y 1%
152 48 ¥ 2 4 <5 <1 ¥ 6.3 6.2 -1.8 585 211 8.9
153 63 ¢ ¢ T 5 d ¥ 4.7 6.4 15.9 419 221 9.8
154 16 2 1Y) QW d Vi 6.3 50  -11.3 477 153 8.9
155 47 Q@ 2 [ ¢ Q 22.8 27.8 11.7 1726 166 8.8
156 21 Q 2 QW <1 ¥ 7.0 7.3 1.7 540 352 1.0
157 12 Q @ | W el ¥ 7.1 1.9 -0.6 662 133 1.6
158 96 Y] Y Q2 h 3! Q 5.4 5.0 -4.4 419 188 8.9
159 115 ¥ Q QWS d ¥ 5.6 3.1 -28.2 415 121 $.8
160 26 ¢ Q2 Q2 Wh 9! ¥/ 6.9 6.6 -2.3 559 66 8.9
161 141 ¢ ¢ 2 h 9! Q 5.1 5.3 1.5 399 238 6.9
162 257 ¥ Y] VRS ¢! ¥ {.9 4.9 -8.4 381 216 8.9
163 69 Q2 ¢ 2 5 d ¢ 4.9 5.1 2.% 391 181 1.8
164 27 2 ¥ 8 5 a Y 9.7 1.3 2.9 172 121 8.9
165 231 Q ¥ 3 h 1 ¥ 5.1 5.2 1.0 399 238 8.9
166 25 Q <2 2 ¢! ¥ 12.1 13.2 4.6 943 117 8.9
167 4 ¢] 2 2 Wb ¢l Q 4.3 4.2 -1.6 336 184 9.8
168 4 Q Q 2 Wh ¢! ¥ 3.0 2.5 -8.3 213 113 8.7
49 ¥ 2 3 Wh NA <« 8.8 9.1 -g.4 182 115
11 1 1 6 ] NA 3 6.1 6.8 6.5 485 95
395 5 4 38 1 NA 23 371.2 35.1 15.9 2691 352
¢ ¢ Q 8 5 NA ¥ 1.8 1.9 -28.2 145 i
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Appendix a: Water Chemistry in Region 3 (Linton Area)

Nell Tenp TENP Eh Eh
1D Date  Thrmometr DO  Thraistr  SpC i lobell Sample Alkalinity HCO3- C03:
ONITS: 0 pg/L °C 1 prho aY Y eq CaC03  ppe ppR
DET LIN: 1 (25 °C)
PRECISION: 8.1 1.1 9.1 .61 11 11 .1%

169 26-5ep-88 15.7 8.22 16.1 3418 8.12 183 -178 1147 1378 15
178 26-Sep-88 153 8.18 15.6 312 8.34 180 120 1847 1251 13
m 26-5ep-88 15.4 .32 15.8 1387 7.92 176 -17 a7 387 )
172 26-Sep-88 15.9 0.5 16.3 186 1.22 177 132 391 477 )
173 26-5ep-88 156 8.28 16.9 826 8.37 179 -116 471 968 1
174 26-Sep-88 15.7 .39 16.8 5915 7.96 179 -159 1382 1686 )

HEAR 15.5 1.42 15.9 2238 1.78 179 =11 686 827 5
STD DEV .3 2.13 8.3 1870 .78 2 166 463 389 6
KAX 15.9 8.11 16.3 5915 8.37 183 254 1382 1686 15
KIN 15.0 15.4 307 5.99 176 -178 49 66 )
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Appendix a: Water Chemistry in Region 3 (Linton Area)

D C1- NO3- S04- F- Ca Ne K LE} Fe in Pb or Ba

PPE PPR PPE  DpR ppR ppR ppR ppr ppb  ppb  ppb PR PR
1 { 1 A .02 .02 03 .09 3 2 2 .06 R}

169 545 3 <1 7.6 8.816 3.380  6.356  269.9 131 138 6 1.293 .64
170 508 <1 5 6.3 5.591  2.926  5.844  900.7 32 U 6 0.850 B.4%
171 3 1 481 6.3 2599 19.27 4414 326.9 368 8 11 8.937 6.643
172 3 2 W 8.3 43 18,75 9.161 1016 61 20 <2 1822 1.439
173 { <1 1 6.5 2.663 9.645 1.443 216.2 112 16 2 0.8  0.099
174 1293 b < 44 16,68 6.348  9.197 2187 162 23 O .47 4295

KEAN 338 11 66 2
STD DRV 451 2 131 4.
HAT 1293 65 401 7.
NI 3 « «d 8.

W3 1991 9.197T 2187 368 235 11 2.467  4.295

20


tim.evans
Highlight

tim.evans
Highlight


Appendix a: Nater Chemistry in Begion 3 (Linton Area)

Nell ANION  CATION EPN 1D5/5pC
1D Nn Cr Cd As He Ag Se SO SUM  BALANCE  TDS HARDNESS RATIO
ppb ppb  ppb  ppb  ppb  ppb  ppb  meq/L  meq/l 4 pPE pPR
3 2 2 2 8.5 | 2
y %
169 12 ¥ 2 4 .5 3! ¥ 38.8 12.2  -52.2 2225 H 8.7
170 3 ¥ Q 5 h a ¥ 35.17 39.9 5.5 2785 26 8.9
1 33 Q2 3 55 .5 d V) 14.8 17.3 7.7 1224 14 8.9
172 35 ¥ ¥ 2 5 2 Y] 8.4 8.5 8.6 681 188 1.0
173 17 2 ¢ 2 &) 4! 2 9.6 9.6 8.0 794 8 1.9
174 9 ¥ 5 Qb <1 52 64.4 96.9 20.1 5267 68 8.9
HEAN 16 KA 1 9 N d ) 25.9 26.7 -3.8 1873 83 8.8
STD DEV 12 KA 2 19 N 1 18 20.6 36.7 21.3 1608 62 6.1
HAY 35 NA ) 5 NA 2 52 64.4 96.9 28.1 5267 188 1.4
HIN 3 NA Y] Y] NA <1 Y] 3.8 2.5 -52.2 213 8 8.7
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Appendix A: Water Chemistry in Region 3 (Epsom Area)

Well Temp TENP Eh Eh
1D Date  Thrmometr DO  Thrmistr  SpC i lobell Sample Alkalinity HCO3- C03:
ONITS: °C ag/L *C 1 umho 11 11 eq CaC03  ppe PDE

DET LIN: A (25 °C)
PRECISION: 8.1 t.1 1.1 t.01 1] 11 9.1%

175 28-5ep-88 14.8 .69 15.1 582 6.82 179 -85 325 396 )
176 28-Sep-88 15.5 g.18 15.8 2378 8.63 177 113 955 1119 23
177 38-5ep-88 15.8 8.22 16.1 1164 8.96 183 136 582 664 23
178 38-5ep-88 16.2 8.26 16.6 3357 8.43 179 17 1187 1324 13
179 30-5ep-88 15.5 8.27 15.8 1888 8.71 179 99 873 1022 22
180 #2-0ct-88 16.1 8.23 16.5 4308 1.97 183 -87 1390 1685 b
181 #2-0ct-88 15.9 g.58 16.3 674 6.89 183 -54 37 387 g
182 #2-0ct-88 15.6 8.30 16.1 3938 8.21 183 169 1186 1326 15
183 #2-0ct-88 16.9 6.26 16.4 929 1.57 187 -112 558 678 1
184 #3-0ct-88 15.5 8.38 16.6 2999 7.1 193 -146 86 984 8
185 #3-0ct-88 17.2 6.34 17.4 949 8.27 188 1831 487 576 9
186 #3-0ct-88 16.6 8.39 16.9 3436 8.20 187 -238 1259 1512 12
187 #3-0ct-88 16.8 8.70 17.1 2147 8.56 185 126 875 1826 1
188 #3-0ct-88 15.4 8.3 15.7 1651 8.67 184 135 674 789 16
189 #3-0ct-88 16.5 g.34 16.9 6586 7.93 184 -99 1210 1476 8
190 94-0ct-88 15.9 6.34 16.3 1504 8.36 200 -99 745 893 8
191 #4-0ct-88 16.4 8.23 16.8 3857 7.84 187 -32 952 1164 9
192 #4-0ct-88 14.8 8.52 15.1 1928 8.4 193 -138 848 1823 6
193 #4-0ct-88 16.9 8.31 17.4 2884 8.37 188 -138 1379 1632 19
184 #4-0ct-88 15.8 8.53 15.3 961 7.83 188 -61 307 375 8
195 #4-0ct-88 15.8 8.70 16.1 888 71.42 189 -167 34 456 '}
196 #5-0ct-88 16.6 8.25 16.9 2482 8.56 200 12 12085 1426 22
197 85-0ct-88 16.3 8.52 16.6 734 7.19 196 -86 354 432 8
198 #5-0ct-88 16.5 $.35 16.9 841 8.29 194 -178 449 526 11
199 #5-0ct-88 16.4 3.98 16.6 122 8.18 188 149 418 503 3
200 #5-0ct-88 15.9 8.20 15.6 916 7.51 198 -110 428 523 8
MEAN 16.9 #.51 16.3 2085 8.85 188 -28 768 920 9
STD DEV 8.6 8.71 8.6 1447 8.55 b 118 348 417 9
HAX 17.2 3.98 17.4 6586 8.96 200 149 1390 1685 23
KIR 14.8 8.18 15.1 582 6.82 177 -238 307 375 8
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Appendix A: Nater Chemistry in Region 3 (Epsom Area)

Hell
D Cl- NO3- S04-  F- {a Kg § Na Fe In Pb Sr Ba
ppR  ppa  ppe PP ppR pPR ppR ppr ppb  ppb  ppb  ppe ppE
1 1 1 | 92 B2 .83 88 3 2 2 B8 B4
175 2 <1 1 8.7 46.9¢ 18.69 3.615 45.62 1231 60 <2 B.642  £.963
176 269 ¢1 8.1 323 1247 3.496  Ti2. 19 11 <2 0.318  8.233
111 1] <1 <1 41 4024 9.462 1.889  331.5 16 <2 <2 0.8 0.899
178 433 ¢ <1 18.7  2.591 2,181 4.844  915.8 b 22 2 8.6%4  p.400
179 126 3} 9.5 1215 6.872  2.981  584.7 28 6 2 B8.246 9.192
180 942 <1 I 3.3 6.881  4.697  8.617 1387 38 26 3 1.529  B.824
181 2 1 60 6.4 3.314  3.130 3.2  155.9 17 2 § 0 0.242  8.123
182 452 <1 2.5 1245 2214 4,856  912.3 21 4 3 6.5 8.532
183 20 <1 <l 2.3 8.672  8.391 1.848  290.2 88 22 <2 0.869  £.8%
184 515 <1 < 1.8 8.5¢5 6.680 8.844 792.4 153 142 <2 §.88%  0.497
185 1 <1 14 1.8 1.187 @.689 2.631  219.9 i1 67 3 6.868 0.84
186 490 <1 < 2.8 5.858 2781  5.516  832.1 82 42 3 8.802  8.242
187 185 1 < 45 1.381  0.967  2.979  632.4 11 24 <2 9.288  0.084
188 135 1 1 3.4 2651 1216 2.443 4505 26 29 <2 8.19%%  0.6889
189 1475 3 i1 2.9 13.55  13.84  9.631 1381 42 4 15 4,428 2.992
190 162 «a § 3.6 3.285  1.578 2.728  4@5.6 35 23 2 8.25¢  0.093
181 108 <1 < 1 1590 4,862  7.080 1817 32 14 3 8.951  8.232
192 - 195 « < 3.8 2.893 0.885  2.697  621.3 33 14 2 0.25% 8.8
193 250 <1 < 5.3 2.658  1.365  4.467 §78.0 29 59 3 8.521  B.182
184 1 <1 84 8.5  1.257 4404 1463 2477 2 I 13 8.897 8.833
195 2 <1 13 6.7 3.3 13.18 2.812 1544 677 50 6 8.261 0.037
196 158 <1 <1 6.5 2,493  1.229  2.684  723.3 58 35 ¢ 9.333  0.898
197 3 <1 67 8.6 4532 3177 16.12  78.75 185 839 & 3.009 8.391
198 32 1 < L4 3.249 3857  1.934 2138 49 62 3 0.285 0.048
189 3 <1 < 8.9 4185 2.757  1.467  178.2 12 122 2 8.4  4.04
200 58 <1 4 6.8 1159 5979 1.479 202.3 18 21 2 0.2 0.079

NEAK 259 (1 W 3.2 8547 4854  4g@4 5481 121 86 3 8.670  8.334
51D DEV 341 1 2.8 12.78  6.988  2.512 3711 256 163 § 6.961 0.582
¥AX 1475 324 187 46.94 3177 18.12 1381 1231 839 15 4428 2.992
NIN <1 <1 <1 B.4  6.672 8.391 1.463  45.62 b <2 <2 0.668  9.033
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Appendix A: Water Chemistry in Region 3 (Epsom Area)

Nell ANION  CATION EPN 1D5/5pC
D Nn Cr Cd As He Ag Se SON 508  BALANCE  TDS  HARDNESS  RATIO
ppb ppb  ppb  ppb  ppb  ppb  ppb  meq/L  meg/L % PPR PR
3 2 2 2 8.5 1 2
Hy 3y
175 126 2 ¢ @2 b d ¥ 6.6 6.1 -4.5 518 194 8.9
176 %) Q ¥ 2 5 8! ¥ 21.1 31.3 1.2 2140 13 8.9
177 7 2 ¥ 2 UH ¢! <2 13.1 15.9 6.5 1080 12 8.9
178 a Q ¢ @2 b <1 ¥ 34.9 9.3 1.1 2107 15 8.8
179 7 3 ¢ 2 5 <1 ¢ 21.5 25.1 8.8 1769 1 8.9
180 ¢! 3 ¥ VRS ¢! 2 54.5 57.8 2.9 3965 36 8.8
181 17 2 ¥ 2 H 1 <2 1.7 7.3 -2.3 615 21 8.9
182 5 4 <2 2 5 ¢ ¥ 35.9 4.1 6.8 2711 12 8.9
183 9 3 ¢ 2 WS 4! <2 11.8 12.7 3.7 995 3 1.1
184 9 Y] 2 @2 Wh a ¥ 3.7 35.7 1.5 2317 49 8.8
185 5 ¢ Y 2 5 < 2 18.1 9.8 -1.9 826 b 8.9
186 18 Q ¢ 3 Wb ¢! 2 36.6 36.8 8.3 2716 24 8.8
187 7 b 2 4 b ¢! ¢ 23.0 27.7 9.4 1879 7 8.9
188 ) 3 2 3 Wb « <2 17.5 19.9 6.5 1465 12 8.9
189 18 2 5 16 <5 ! ¥ 66.4 62.2 -3.3 4419 87 8.1
198 7 2 ¢ 12 % <1 ¢ 18.0 18.8 -g.1 1435 15 1.8
191 %) 2 ¥ " b d ¥ 38.8 45.2 7.6 2914 39 8.8
192 1 ¥ ¢ Q 5 8! < 22.6 27.3 9.4 1855 11 1.0
193 a 2 <2 2 Wh <1 ¢ 3.7 38.2 4.8 2788 12 1.8
194 ] 2 ¢ I R 3! 2 10.4 9.6 -4.1 806 5 8.8
195 7 2 2 3 b 13! ¥ 18.3 9.7 -3.5 801 142 8.9
196 6 2 ¥ 2 W ¢} 2 28.9 3.8 4.1 2344 11 1.0
197 a 3 ¥ 2 Oh ¢! Q2 8.6 8.7 8.5 675 244 8.9
198 18 ¥ Y] 2 b < 2 10.0 9.8 -1.8 793 21 8.9
199 17 V) ¥ 2 Wb a ¥ 8.5 8.2 -1.5 697 22 1.8
200 19 ¢ 2 2 Wb d 2 18.3 9.9 -1.8 818 53 8.9
HEAN 12 1 ¥ 3 NA NA NA 23.9 24.8 2.1 1771 {1 8.9
STD DEV 23 2 1 4 NA NA NA 15.8 15.9 4.6 1855 59 8.1
§AX 126 6 5 16 KA NA NA 66.4 62.2 9.4 4419 244 1.1
MIN ¢ ¢ <2 ¥ NA NA NA 6.6 6.1 -4.5 518 3 8.7
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APPENDIX A-2

PLOTS OF
1989 INDIANA GEOLOGICAL SURVEY STUDY DATA SET
TO

NSA CRANE BACKGROUND DATA SET
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APPENDIX B

BORING LOGS
AND
WELL CONSTRUCTION DIAGRAMS



BORING LOG
_ FIELD DATA
Project __NWSC Groundwater Study Site Crane, IN . Date 10 November 82
Location Mustard Gas Burial Grounds ] : Job No. 441-6150,136R21/22
Drill ng_Eailing__ Inspector..l...nunb.ax:____ Operator _D_._.Iaxlnr__._ Surface EI_SQLQZ_ Boring No . WES=1=f=82 __
TRATUM _
[ | pare (ST R SURE_ peeeor
10 Noy 0.0y 1.5 6-3/4"Rock Bit | | 6" Casing-Stickup 0.5' = _ _
' 0.0 11.7] 0.0} 26.0 §_—5/8"Rock____§1_t_v_ ‘ S:llt'stongg__reddish brown, grey, l:
' e . — -.|.soft, weathered, dry _ __ .|«
11.71 23.5{ - - / Shale:. .,ztgy._iQf.c:meﬁmm..de*g
23.5] 26.0 ) ool o2 ) Shale: dark grey, black, dry |
10 Noy 0.0} _50.0 5-5/8"Rock Hit | | Air compressor .iilf;_eg.._vzg.nL_osn.t._____g
RN (RNSR D v ).~} and _pumped large quantity of oil ;
i N . —w}ocm Jointo_hole. Traded air compressors|Qe
_ _and noved drilling rig 10 fr vest |©
to drill another boring. GrouteL;
. S — ,_up_mtaminaiea hale,
16;0 271.2 Coal: black, soft
27.2] 35.2 |_Shale: grey, soft
.1.35.21 36.0 , Coal: black, soft
11 Nod 36.0] 54.5} 50.0 90.0 5-3/8"Rock Hit Sandstone: brown, red, fine-
| ' . grained, _75% quartz sand, hard
WES ,'::':. 819 EOITION OF NOV 1971 MAY BE USED ! Sheet 1 of 2 Sheets




i

BORING LOG

89.5

FIELD DATA
Project __Site. Date
Location e Job No.
Drill Rig Inspector Operator Surface El . Boring NO-"’ES"I"6‘82
STRATUM DRIVE SAMPLE .
m;:‘znég ‘ TDAAKTEEN : STAYMP:LS‘F; : CLASSIFICATION AND REMARKS
| FRoM | 10 fFROM | TO | FROM | TO ‘ _
o N 1 - Damp spot at 42 and 49 ft
o L No water overnight ~
54.5| 82.5 1o _ Limestone: grey, white, hard ___
82.5| 88.5 _ ) _.| Shale: grey, soft _ .
88.5 89.5/ . —wfo..jLimestone: grey, hard _
90.0 Shale: grey, soft

| Water at 79.5 ft - Blew water

| from hole several times and will

U

monitor depth in morning before

installing screen.

112 Novl| T D Y R R ___| Water level at 69.87 ft -
v — — installed well screen
WES Jo0ve 819 eoition OF NOV 1971 MAY BE useD Sheet __ 2 of , 2 Sheets




/;(2" Schedule 40 PVC Pipe

3.0
A ] A
Grout '63.5f S gl
’ v~
75.02°
- ! . . .
Bentonite 3.5
Iy
— 1 :
Pea y — 9.38!
_ 22.0°
.GraveL 79.5' —_—
-
Y
5.60"

l

596.02 ft MSL

EQZ ﬁater depth at time of
drilling

Well Screen

i

WORKING DRAFT

- NWSC, Crane, Indiana

Mustard Gas Burial Grounds
Well Completion »
Boring Number: WES-l-G;%j)



’e""“’d‘""s'"" BORINGLOG . Page :om

: _‘PROJECTNAME NSwe CRA,\)E SwMu? Bomuem; o&’mul‘T'oo7
PROJECT NUMBER: ~— N1255- - DATE: -~

DRILLING COMPANY: " Bowsey Mojran~  GEOLOGIST:

~ DRILLING RIG: _ c,/m; SSOX~ATV -ORULER:

: T T [ mmoescmmm

TR a1 R 111511

o, g//v S Q‘Q-M 7 \’v‘( 4%
T B S S I RS 711/ f>

mmm«gasmme* hole. tn reading frequency i ek d fepanse read- DfillmgAtea : e

Ww

\

Convededto Well.  Yes _ / No Welli0 #.__ 0B MW T 007 _



""“‘“’"“""S tnc. BORlNG LOG S PageX of 2

_‘-PROJECTNAME’ ALWCE CradE Swauu €. . BOWNGNQ« - 08MwT007

DATE: S—13-0S

PHOJECTNUMBER A 24S ) : . .
s Dﬂll_UNGCOMPANY* Borsrser ﬂég:.‘“,' GEOLOG!ST“
ORILLING RIG: | cMg 957))(—/4}?‘\/ oauen

Semghe |
‘M‘; .
7
Semple
Longth

~ Whea rock coring, entef fock brokeness. . : ‘ ] ——
cy # elevaled e dead. ' - Driling Area

"Wmhaﬁahs_miuepvdsﬂm_mewaﬁm”, "
Remarks: _ - Baeksromd«wm»[a‘l

Convertedto Well: ~ Yes _ V No . WelliD. ¥ 09 m !5;«7—007.




L

Tetra Tech NUS, Inc.

wew No._D8MWT 087

BEDROCK

MONITORING WELL SHEET
WELL INSTALLED IN BEDROCK

PROJECT A SWC C.RANE LOCATION SewMU & DRILER B oremey Morsoh~

PROJECT NO._A) 124 S

BORING WY 00 DRILLING
DATE COMPLETED g»,;'—j?g METHOD HSA/ Al
q—v

DEVELOPMENT

'|DATE BEGUN_S~13-0S<.
FIELD GEOLOGIST el Sl

GROUND ELEVATION 699,78  DATUM__ A JA VYD &9

METHOD

ACAD:FORM_MWINBR.dwg  ©7/20/99 INL

7 e
M=
T

ELEVATION /HEIGHT TOP OF RISER:

ELEVATION /HEIGHT OF TOP OF SURFACE CASING:

— TYPE OF SURFACE SEAL: ’—f’;c‘f’)c 67 comernate!
> N

—Jol, ﬁm

70137/ T.58

ts

L.D. iURFACE CASING: Lf A

wgﬁ‘

’hee\-e—a.

DIAMETERﬁ HOLE: W

I

bl R

O vvo 9 ﬁ- l;azs
RISER PIPE LD.: o
TYPE OF RISER PIPE: _PNC.
TYPE OF BACKFILL: C —

d
<

-— ELEVATION/DEPTH TOP OF SEAL:

~—ELEVATION/DEPTH TOP OF BEDROCK:

€573, 4
687 o

e d fury

- TYPE OF SEAL__ e o ide oLﬁa.,)

~— ELEVATION/DEPTH TOP OF SAND:

— ELEVATION/DEPTH TOP OF SCREEN
TYPE OF SCREEN:

£83, 73, 16.0
681.7% 18.0

'1.D. SCREEN: 2 helog,

SLOT SIZE x LENGTH: Q, ¢Q Yoo /1520 {aad-|

| TYPE OF SAND PACk: Srfica Sand

Mo, /0-20 (4.5, S

— DIAMETER OF HOLE IN BEDR

CORE /REAM: o i é, ” #rvn LO f+

33 ¢go 35
— ELEVATION/DEPTH BOTTOM SCREEN:
ELEVATION/DEPTH BOTTOM OF SAND:
— ELEVATION/DEPTH BOTTOM OF HOLE:
BACKFILL MATERIAL BELOW SAND

oty
f &4:373 é%

é‘l‘»".ls_zi,%:o

/SluxJLn. MG‘

i

ﬁ"wweem



BORING LOG

JNIXEUM.

14vdu

t.

FIELD DATA
Project NWSC Ground-Water Study Site Crane, IN Date 18 _Aug 1983
Location _Pest _Control Area Job No.441-G150.13GR21/22
Drill Rig _Failing  Inspector J. Dunbar Operator __C. Drake Surface EI _727.48  Boring No.HES=9-10-83
saMPLE | DATE STRATUM DRIVE SAMPLE TYPE OF
NUMBER %KBF:? FROM 0 EROM | -To FROM T0 SAMPLER CLASSIFICATION AND REMARKS
18 Aug 0.0] 11.6| 0.0 | 11.6 5"Folding_Aufer | clay(cL): brown, stiff, slightly
damp,_thinly bedded, sandy=less___
than 5% fine to coarse-grained.
18 Aug 11.6] 13.8|11.6 | 27.0 h"Rock Bit Sandstone: brown, very fine-graine
soft, weathered.

13.8{ 16.0 Sandstone and clay: brown, soft
weathered, thinly bedded, very
fine-grained,

16.0f 17.3 Siltstone: brown, soft, wet at 16 f

17.3] 19.2 Sandstone: hrown, soft, very fine-
grained,

WES oy 819 EDITION OF OV 1971 MAY BE USED wit Sal Is{etém$ ensesoi 2 Sheets
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BORING LOG

FIELD DATA

Project Site _ Date

Location : Job No.

Drill Rig _ — Inspector Operator Surface EI ____ Boring No.WES=9-10-63

STRATUM DRIVE - SAMPLE
SAMPLE | DATE TYPE OF
NUMBER | TAKEN [ e T " [Feow | 10 | rrom | 10 SAMPLER CLASSIFICATION AND REMARKS
25.8] 27.0 Sandstone: brown, very fine-grained
soft. '

_ |18 Aug Installed monitoring well.

WES Jiv. 819

EDITION OF NOV 1971 MAY BE USED

Sheet ___ 2 of ___

_Sheels



3" Steel Protector Pipe with Cap2

3.0'
Y 724.48 £t MSL
A
Grout 8.0
- - 11.45"
Bentonite 2.0'
A
A
———  27.01'
16" —
— 9.10"
Pea - E
Gravel 17.0°' —
1 4
5.45"
\ 2" Schedule 40 PVC Pipe
_Y.‘Wat.i»er Depth at Time of Drilling NWSC, Crane, Indiana
Pest Control Area
v Well Completion
g Well Screen Boring Number: WES-9-10-83

WNRVINR NDACT



Depth, ft

0.0

5.0

10.0

15.0

20.0

25.0

27.0

724,48 ft MSL

Clay (CL): brown,

Sandstone: brown,
weathered.

stiff, slightly damp,

thinly bedded, sandy-less than 57 and
fine to coarse-grained.

very fine-grained, soft,

=t Sandstone and clay: brown, soft, weatherea,

ey o thinly bedded, very fine-grained.

Siltstone: brown,

Sandstone: brown,

Shale: dark grey,
sandstone lenses.

Sandstone: brown,

NWSC,

soft, wet at 16 ft.

soft, very fine-grai

soft, thinly bedded with

very fine-grained, sof

Crane, Indiana

Pest Control Area
Lithology
Boring Number: WES-9-10-83

WNDVINEG NDACT
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E Tetfa Tech NUS, Inc. BORING LOG Page _\ of £

PROJECT NAME: NSWC CRANE

BORING NUMBER: O9T
PROJECT NUMBER: 7141 CTO 10 DATE: | 2 - ?E —o%

DRILLING COMPANY: Bowser Momer GEOLOGIST: MATT COCHRAN
DRILLING RIG: R-59 - DRILLER: A wotrfF
MATERIAL DESCRIPTION PIOVFID Reading (ppm
Depth| Biows/ | Sample I S U
No. | () | 6%or | Recovery/{ s
ond | or RQD Sample c
Typeod Run | (%) Length Remarks
RQD | No. S
SEE RoRiIVG
LOGS TSBDI, 02+
O3y FPoR v ITH OO
BRM cANDerore WEA THERED
1 LV ' Ebsy Riccinsp
* Swil DR RATE
2.8 |
1240 15 SE(_/ﬁooT
Swi pa ‘24
AT QEGINNING
OF DAYy
go o / .
191-074.1 SOFT_[BRN S AR S TonE AT EngTE D ARV VAL VA
1 2.0 , ' SPoons,
- REFVSAL, A0,
21 ‘AL AEACTION?
124
b= — — TAO0CAATE |
SoFTcreyl S ILT ST ONVE" - WE A T1HERI NG
* When rock coring, enter rock brokeness. '
** inciude monitor feading in 6 foot intervais @ borehole. Increase reading frequency it elovated reponse read. Drilling Area

Remarks:

9 ' e ATTEMPT Baclsgmund (ppm):lN,.[ l
MAY CGFT PooR PRELDVERY SintE

No «/ Well 1.D. # .




E Tetra Tech NUS, Inc. BORING LOG Page 2 of £

PROJECT NAME: NSWC CRANE BORINGNUMBER: (O T 61 A
PROJECT NUMBER: 7141 CTO 10 DATE: 2 -3-00
DRILLING COMPANY:  Bowser Morner GEOLOGIST:  MATT COCHRAN
DRILLING RIG: 2-59 DRILLER: A LUOLF

MATERIAL DESCRIPTION PIDFID Reading (ppm

pie] Depth | Blows/ Sempie
No. R) 6"or ] Recovery/
and or RQD Sample
Type Run (%) Length
RQD | No.

Remarks

sOOWLC

FE. STRWIF D
Ao B EPO L,

VERN T 1 in SHA
R EOD It TP
SANDY BEDP!I M .
. I . o PLANES 700 \ ‘code
' : 27 - 5% LIRE
9- 8/ \ - CongaeomnanhTE
: SrevE
JC‘\ : 10.0 C W/S:M;'no"vs
, BROKCA
o | 40 THRY COR.E

0.0 'Ruu Loore,

: 23 DA
L ’ B LOwW 4 FRACTS
_‘ Y C OA tu : (SEVE&AL.Tdeuggg

T 24

H20 @ 20.7
BGS AFTER -

| HouvA, .

* When rock coring, enter rock brokeness.
** Inchude monitor Teading in 6 fool intervals @ borehole. Increase reading frequency if elevated reponse read. Drilling Area
Remarks:__HoO | Evefe bEYER L 1.2 ° Bts3. Background (ppm):

P . COVLDE HEAR.
ANUL S _AFTER JOLE PURGED

Converted to Well:

{ R R
OFFSET RIG +DRILLED 2.ND) RORING TB E UALUATE PREsEACE OF N3Q
AT Deorwe RARovE cwmaLfE . HoLE PACKEFILLED s /cEMEAMTIBENT GROL



E Tetra Tech NUS, Inc. BORING LOG Page | of £

PROJECT NAME: NSWC CRANE BORING NUMBER: @) 9 TAOS B
PROJECT NUMBER: 7141 CTO 10 DATE: 12 -3~ 0Om
DRILLING COMPANY: Bowser Momer GEOLOGIST: MATT COCHRAN
DRILLING RIG: »-59 DRILLER: A WOLF
MATERIAL DESCRIPTION ¥ K POFID Reading (ppm
ple Depth| Blows / Sample . S B R 1u
No. (R) 6" or Recovery / [
and or RQD Sampie
T:p;oor ::n (%) Length : Remarks
SEEF Roriwe, L0Gs
9sr01, 02403
FoRr L iTHotosY
Sw ' L o~ 2 T-och
b P Roce @ g° OF 8.20 BLS
_ \ 2 PO REN PRWLED
9 \2-v-00 Eng OF 162U
-1 T — BRitt RAYE .
SOFYT |pre| SANDSTONAIE, VEOOT friN.
<1y ) BROK=A
( NO REALTION YD
HC L, DAnD -
MOosT,
v . TH W 880D I
§ S, 30
17.5 % rRACT S d

ALONMG BEQDMD G L.

C-t}- ‘ ! "/ . FE. STAminsG
< . B EOVG 1 S HORY .
% 22.0 t
Bist é. | DR 5o
{ : : : PRACTS, OTHEAN
r T [RCIGRT WEArncaN,
_ TRORE - SAJ DY,
* \9 @ 1%°-20"
RROKEN
p uy - NG RERGIv 7o
[SOFT __ipan] SANDsTONE HCL. V. Trid/
J . - C00ING & 20,
<2 (s1eTY) 21,53 Feacs
. = A LONG oo .
7’0 1 ¥ 7QL ’ FE 3TA WG Q
T O, DAT™ME - moisT
7.D 1.0 -
e
: EEow/
* When rock coring, enter rock brokeness.
** Include monitor reading in 6 foot inlervals @ borehole. Increase reading frequency if elevated reponse read. Drilling Area
Remarks:___ SPUN) (" cAc iy TD 9 ' PeacrD Background (ppm):
. ~ Vi < A

W)

Converted 1o Well: Yes No Well 1.D. #: OQTDOol

- w
- pa——



E Tetra Tech NUS, Inc. BOR'NG LOG Page _Z.of 2

PROJECT NAME: NSWC CRANE BORING NUMBER: O9Q To | B
PROJECT NUMBER: 7141 CTO 10 DATE: 1 2-3-00
DRILLING COMPANY: Bowser Momer GEOLOGIST: MATT COCHRAN
DRILLING RIG: -5 9 DRILLER: A. woL F
MATERIAL DESCRIPTION PIFID Reaing (ppm
Depth{ Blows/ Sampie N B N U

No. (R.) 8% or Recovery / s

and or RQD Sample
Typaor] Run (%) Length ¢ Remarks

RaD | Ne. S
A 26 | TD 26’

SEE RoRung L oo REMED woLE
YO TO « Pvua
OYTOIpA ¢of 2 AL He D
- SUT AFTER 2D
LATHOLOGY L Low "N STAVOR Y

S A o ST
2’ . To RE scrrerd
DVE @ E~JTIRE
S ATURATTED
TRICC VR 55,

sﬂwos;oue
) SEPCRAT
a0 2OonE Frgm
UNDER Lyl Uwa

* When rock cofing, enter rock brokeness.
** Include monitor reading in 6 foot intervais @ borehole. Inc reading frequency if elevated reponse read. Drilling Area
Remarks: _ ST0Ppe 0 ® 20" on 12 100 Swi OA 12-4 e 20" Background (ppm):| O |

X _FID - NOT weR KivG ON 2.3, WoRKING PROPERLY OaN 12-Y
LA LBEUNCT oML o< Aty NUE TD  CONOENSATIPN)

Converted to Well: Yes v No Well 1.D: #: 087101




@Tetra Tech NUS, Inc. BOR'NG LOG Page L of l_

PROJECT NAME: NSWC CRANE BORING NUMBER: (O9 9R.)
PROJECT NUMBER: 7141 CTO 010 DATE: (AN O
DRILLING COMPANY: Bowser Momer - GEOLOGIST: BOB BALKOVEC
DRILLING RIG: GEOPROBE DRILLER: 'Tti_ﬁ W g
MATERIAL DESCRIPTION PIVFID Reading (ppm)}
Sampie Depth{ Blows/ Sampile Lithology 1] o
No. | () | 8°or | Recovery/] Change ) s
and - RAD |  Sempie (D"’:ﬂ’ Soll Density’ . . c
Tynp;D r:h ) Langth . c u,,,m Color Mateial Clamsi s Remarks
Intorval | o Meedrese) o R .
3l
1 B Lokt (bt IR 97 Loaer Wrdme £ oe
2 / vV Aevp WD G0 L b0
Y e ra .
3 / Lyow YU VST b ! ek \'lwg'm X 02
S-1 Y . :
-, i . L
w3t | 4 Y \// Q'/ k L 0 o3 ||
5 / 3\"‘* “’f QAY<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>